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ETIOLOGY. 

1.  GEOGRAPHIC  DISTRIBUTION. 

Montana. — The  disease  has  been  known  in  the  valley  of  the  Bitter 
Boot  River  in  western  Montana  for  about  twenty  years.  It  is  sharp]}" 
localized  on  the  west  bank  of  the  Bitter  Root  River,  no  cases  having 
been  known  to  occur  in  persons  on  the  east  side  of  the  river  who  had 
not  a short  time  previously  visited  the  west  side.  The  infected  local- 
ity extends  from  Loo  Loo  to  Como,  a distance  of  about  50  miles.  Cer- 
tain places  in  the  valley  seem  to  be  more  heavily  infected  than  others. 
Nine  cases  have  also  occurred  in  the  canyon  of  Rock  Creek,  about  10 
miles  south  of  Bonito  and  20  miles  east  of  the  Bitter  Root. 

This  3"ear  information  was  obtained  from  Dr.  L.  A.  Gates,  of  Bridger, 
Mont.,  about  100  miles  east  of  the  Bitter  Root,  of  the  prevalence  of 
the  disease  in  that  locality.  A report  of  two  cases  described  by  him 
Avill  be  seen  in  the  appendix. 

Idaho. — The  disease  has  also  been  known  clinically  in  Idaho  for 
many  }"ears,  the  lirst  published  description  having  ])een  made  by  Dr. 
E.  E.  Maxey,  in  the  Portland  iNIedical  Sentinel  for  October,  1899  (1). 
An  unpublished  symposium  on  the  disease  by  i^arious  Idaho  pli3"si- 
cians  was  made  by  Maj.  M.  "W.  AVood,  U.  S.  Army,  1898,  to  the  Sur- 
geon-General of  the  Army.  In  Idaho  the  disease  prevails  throughout 
almost  the  entire  i^alley  of  the  Snake  Rii"er,  its  tributaries*  and  the 
foothills  of  the  neighboring  mountains. 

Mevada. — I am  informed  by  Maj.  AA^.  R.  Kendall,  U.  S.  Army,  that 
the  disease  also  prevails  in  the  i^alley  of  the  Quinn  River  in  northern 
Nevada. 

Wyoming. — Cases  hai"e  been  reported  this  spring  at  Cody  and 
Meeteetse. 

Oregon. — The  mild  form  of  the  disease  has  been  reported  in  eastern 
Oregon. 

2.  CLIMATE. 

The  disease  does  not  prev^ail  south  of  or  north  of  17°.  It  pre- 
vails at  an  ai^erage  elei^ation  of  about  3,o00  to  1,00<)  feet  aboAT  sea 
leA^el. 

o.  SEASON. 

The  disease  preA^ails  exclusiA^ely  in  the  spring  and  early  summer. 
In  the  Bitter  Root  cases  the  earliest  was  March  IT  and  the  latest  JuIa" 
20. 

I.  OCCUPATION. 

All  occupations  that  cause  the  person  to  be  exposed  to  the  bite  of 
ticks,  such  as  stockmen,  and  especially  sheep  herders,  miners,  pros- 
pectors, lumbermen,  ranchmen,  and  those  whose  duties  take  them  into 
the  brush,  are  subject  to  the  disease. 
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5.  AGE. 

Persons  from  15  to  50  years  of  age  more  often  contract  the  disease, 
as  during-  that  period  they  are  more  actively  engaged  in  outdoor  work. 
The  vouno-est  case  was  18  months  and  the  eldest  71  years  old. 

0.  SEX. 

In  121  cases,  76  were  males  and  15  females,  the  ditference  being 
probably  due  to  the  greater  liability  to  exposure  of  men  on  account 
of  occupation. 

7.  THE  PARASITE. 

In  the  spring  of  1902  Dr.  A.  P.  Longeway,  secretary  of  the  Mon- 
tana State  Board  of  Health,  engaged  the  services  of  Drs.  L.  B.AYilson 
and  IV.  M.  Chowning,  of  the  Universit}^  of  Minnesota,  to  investigate 
the  ‘‘spotted  (tick)  fever”  then  prevailing  in  the  Bitter  Root  Talley. 
These  gentlemen  published  the  results  of  their  work  in  the  Journal 
of  the  American  Medical  Association  July  19.  19U2,  and  in  the 
report  of  the  Montana  State  Board  of  Health  for  1901-2. 

Surgeon-General  IV^mian,  of  the  Marine-Hospital  Service,  detailed 
Surg.  J.  O.  Cobb  to  also  investigate  the  disease,  and  his  report  was 
published  in  the  Public  Health  Reports,  volume  17.  Xo.  33,  August 
15,  1902. 

The  same  year  Dr.  F.  F.  lVesl)rook,  of  the  L^niversiH  of  Minne- 
sota, visited  Missoula  and  conlirmed  the  tindings  of  Drs.  Wilson  and 
Chowning.  His  report  will  be  found  in  the  Ihennial  report  of  the 
Minnesota  State  Board  of  Health  for  19(M-2. 

IVilson  and  Chowning  noticed  ovoid  intracorpuscular  bodies  in 
stained  preparations  of  the  blood  from  their  earlier  cases.  They  did 
not  determine  the  character  or  signihcance  of  these  bodies  until  the}^ 
examined  the  fresh  blood  of  case  Xo.  91,  when  they  found  ovoid  intra- 
corpuscular bodies  showing  amoeboid  movements.  These  observations 
the}^  confirmed  in  all  the  later  cases  which  they  examined.  To  IVilson 
and  Chowning,  then,  belongs  the  credit  of  discovering  a parasite  which 
is  yevy  jjro7jaNi/  the  cause  of  spotted  (tick)  fever. 

Parasites  in  the  red-blood  cells  are  rather  common  in  the  animal 
kingdom.  The  two  which  I desire  to  mention  especially  are  those  of 
malaria  and  of  Texas  cattle  fever.  The  parasite  found  in  the  red- 
blood  corpuscles  of  persons  suffering  from  spotted  fever  apparently 
lies  between  these  two.  Unlike  most  malarial  parasites,  it  is  not  pig- 
mented, but,  like  them,  it  shows  amoeboid  movements,  thus  differing 
from  the  Pyrosoma  higeminum^  which  is  nonpigmented  and  without 
motion.  Again,  one  form  of  the  parasite  found  in  spotted  fever  is 
arranged  in  pairs  in  the  red- blood  cells,  closely  resembling  the  double 
form  of  Pyrosoma  higeminura. 
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In  studies  upon  the  cause  of  spotted  (tick)  fever  I had  the  opportu- 
nity of  examining  the  blood,  both  fresh  and  stained,  in  a number  of  cases. 
Two  cases  were  in  hospital  in  Missoula,  and  daih^  examinations  were 
made.  In  the  fresh  blood  a few  cells  were  found  to  contain  parasites. 
Three  forms  were  seen.  The  most  common  was  a single  ovoid  body, 
retractile,  situated  within  the  cell,  usualh^  near  its  edge.  lYhen  the 
slide  is  warmed  this  bod}"  possesses  the  power  of  projecting  quite  rap- 
idly pseudopodia  and  a slight  change  of  position.  This  form,  which 
is  apparently  an  early  or  young  form,  is  about  1.5  to  2 micra  in 
length,  and  0.5  to  1 micron  in  width  at  its  widest  part.  It  closely 
resembles  the  earliest  intracorposcular  parasites  of  jestivo-autumnal 
malaria.  (See  PI.  II,  figs,  d,  5.) 

Another  form,  not  so  common,  was  larger,  being  about  2 to  2.5  by 
I to  1.5  micra,  larger  at  one  end  and  showing  in  the  larger  end  a dark 
granular  spot;  this  was  also  amoeboid,  (See  PI.  II,  fig.  6.) 

The  third  form  noted  was  arrang'ed  in  pairs,  distinctly  pyriform, 
with  the  smaller  end  approaching,  and  in  two  cases  a fine  thread  unit- 
ing the  small  ends  was  seen.  Motion  was  not  observed  in  this  form, 
but  the  spot  mentioned  in  the  second  form  was  seen.  (See  PI.  II, 

%•  ^ 

Great  difficulty  was  experienced  in  staining  the  organism.  A num- 
ber of  stains  were  used,  but  the  most  satisfactoiy  results  were 
obtained  by  the  use  of  lAright’s  stain,  followed  by  Loeffler’s  blue. 
Carbolized  Unna’s  polychrome  methylene  blue  also  gave  fair  results, 
heat  fixation  at  120°  C.  for  twenty  minutes  being  used.  1 was  unable 
to  find  the  paired  forms  in  stained  preparations,  though  Drs.  Wilson 
and  Chowning  informed  me  that  they  had  no  difficulty  in  doing  so. 
By  a reference  to  PI.  I,  figs.  1 and  2,  it  will  be  seen  that  the  parasite 
takes  the  stain  more  deeply  at  one  end  and  is  onh"  faintly  outlined  in  its 
periphery.  Sometimes  it  has  onW  a central  stained  spot  surrounded 
by  a clear  unstained  space.  (See  PL  I,  fig.  3.) 

The  parasites  are  never  found  in  veiy  large  numbers,  it  being  usu- 
ally necessary  to  search  several  fields  of  the  slide  to  find  one.  Some- 
times they  occur  in  groups,  two  or  three  infected  cells  being  found  in 
one  field.  In  both  fresh  and  stained  preparations  extracorpuscular 
bodies  closeW  resembling  the  small  single  intracorpuscular  form  were 
seen.  I was  unable  to  definiteW  decide  the  character  of  these  bodies, 
but  am  strong!}"  inclined  to  think  that  they  are  the  young  form  of  the 
parasite  which  has  not  }"et  invaded  the  red  cells. 

I had  the  opportunit}^  to  examine  the  fresh  and  stained  blood  from 
cases  in  the  Bitter  Eoot  Valle}^  of  smallpox,  typhoid  fever,  measles, 
scarlet  fever,  rheumatic  fever,  pneumonia,  pernicious  anemia,  some 
surgical  cases,  and  from  healthy  persons,  but  did  not  note  in  an}"  of 
them  any  bodies,  either  intra  oi*  extra  corpuscular,  resembling  in  any 
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wav  the  bodies  above  described  as  beino-  found  in  the  fresh  and  stained 
})lood  of  persons  sulfering  from  spotted  (tick)  fever. 

In  the  cases  of  spotted  (tick)  fever  which  1 had  the  opportunity  of 
examinino-  I had  no  great  difficultv  in  lindino-  both  in  fresh  and  stained 
preparations  the  bodies  above  described.  Their  constancy  in  the  blood 
of  persons  sulfering  with  spotted  fev^r.  their  persistence  for  some  time 
in  the  blood  of  these  persons  after  recovery,  their  absence  from  the 
blood  of  persons  suffering  from  other  diseases  and  of  healthy  persons 
makes  it  very  probable  that  they  are  the  cause  of  the  disease,  and  that 
one  more  has  been  added  to  the  rapidly  growing  list  of  diseases  of  man 
due  to  animal  parasites. 

Cultures  were  made  bv  Wilson  and  Chowning  and  bv  mvself  from 
the  blood  of  patients  during  life  and  from  the  organs  and  tissues  at 
autopsy,  and  the  only  bacterial  growth  obtained  was  Sta.jjhyl ococcus 
ejndermidis  aJhus,  Staphylococcus  pjyogenes  aureus  alhxi.s^  Bacillus 
coli^  and  in  one  case  an  anaerobic  spore-bearing  organism  was  obtained 
from  the  spleen.  Xo  one  organism  was  constant,  and  from  some  cases 
no  growth  at  all  was  obtained. 

In  the  table  which  follows  is  gathered  a complete  collection  of  all 
the  cases  which  have  been  reported  by  the  physicians  of  western  Tlon- 
tana  since  1885,  when  the  disease  first  attracted  attention.  Cases  1 to 
111  Avere  compiled  by  Wilson  and  ChoAvning  and  the  remaining  cases 
by  myself. 
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TaMe  sliovAna  cases  of  spotted  (ticJ:)  fever 


X 

Physician’s  name  and 
addre.^s. 

Year. 

Date  of 
onset  of 
symp- 
toms. 

Patient's 

initiaD. 

■Sex. 

Age. 

Occnpation. 

1 

J.  F.  Cough enonr,  Corvallis. 

18S5 

June  25 

J.  M 

Male  ... 

36 

Prospector 

2 

do 

1886 

Mav  3 

H.  T 

do ... 

30 

Lumberman 

3 

do 

1888 

May  7 

Mrs.  IV 

Female. 

37 

Housekeeper 

4 

R.  Gtyinn.  Missoula 

1888 

Spring. . 

F 

Male  ... 

35 

5 

do 

1888 

..r.do"". .. 

do ... 

25 

Laborer 

6 

do 

1889 

do  ... 

Half-breed  ... 

do ... 

20 

7 

do 

1889 

do  . . . 

Female. 

6 

8 

do 

1889 

do  . . . 

Alale  ... 

12 

9 

J.  F.  Coughenour,  Corvallis. 

1890 

June  22 

W.  J 

do ... 

30 

Laborer 

10 

do 

1891 

June  17 

D.S 

do ... 

40 

Farmer 

11 

E.  A.  Crain,  Missoula 

1891 

L.  D 

Female. 

a 17 

Farmer's  dausrh- 

ter. 

12 

5Y.  B.  Parsons,  IMissoula 

1891 

May 

Z.  H 

Male  ... 

35 

Hotel 

13 

do 

1891 

May  20 

F.C 

48 

Trapper 

14 

do 

1891 

Mav  26 

C.  M 

do ... 

51 

do 

15 

do 

1891 

Julv  20 

L.P 

....do... 

10 

16 

J.  F.  Coughenour.  Corvallis. 

1892 

Apr.  27 

Mrs.  J.  C 

Female. 

26 

Housekeeper 

1 

17 

do 

1892 

June  2 

Mrs.  C.'^  babe. 

Male  ... 

2d 

1 

r 

IS 

E.  A.  Crain,  Mi.«.«oula 

Name  for- 

do ... 

a30 

Ljtborer 

gotten. 

19 

do 

Mrs.  M.  G . . . . 

Female. 

a 28 

Housewife 

20 

Geo.  McGrath,  Hamilton . . . 

1893 

June  . .. 

Male  ... 

all 

21 

do 

1893 

Mav 

do  . . . 

a 40 

Laborer 

22 

J.  T.  Brice,  Stevensville 

1895 

do  ... 

0.  0 

do ... 

45 

Farmer 

23 

do 

1895 

do  ... 

Mrs.  A A 

Female. 

40 

Housewife 

24 

Geo.  McGrath,  Hamilton . . . 

1895 

do ... 

Male  ... 

n8 

25 

J.  T.  Brice,  Stevensville 

1896 

do ... 

J.  S 

do . . . 

44 

26 

J.  J.  Bucklev,  Missoula 

1896 

June  ... 

do ... 

26 

Lumberman 

27 

G.  T.  McCullough,  Missoula 

1S96 

Mav  1 

Ed.  W 

do ... 

26 

Ranchman  ....... 

2S 

W.  B.  Parsons,  Missoula 

1896 

Mav 

G.  B 

do  . . . 

32 

29 

do ’ 

1896 

do  ... 

F.  L 

Female. 

IS 

30 

do 

1896 

do 

— P..  . . 

Male  ... 

31 

J,  T.  Brice,  Stevensville 

1897 

do  . . . 

J.  F.  W 

do ... 

60 

Farmer 

32 

do 

1897 

— do .. . 

J.  X 

do ... 

a 60 

do 

33 

do 

1897 

Apr 

Pv.  C 

. . . .do  . . . 

21 

do 

34 

do ; 

1897 

June  ... 

Mrs.  C.  M 

Female. 

40 

Housewife 

35 

.1.  .1.  Bucklev  'Missoula 

1897 

>prinsr. . 

Male  ... 

3<3 

Lumberman 

36 

do 

1897 

do ... 

J.  H 

....do... 

27 

Farmer 

37 

J.  "W.  Howard,  Hamilton  . . 

1898 

Jnne  27 

A.  I> 

■ 

. . . .do  . . . 

43 

do 

38 

J.  T.  Brice,  Stevensville 

1899 

Mav  19 

D.  M 

do ... 

14 

Schoolboy 

39 

do 

1899 

June  ... 

IV.  H 

do ... 

30 

Farmer 

40 

C A Craiu  Ari!i.<oula 

1899 

H.  . 

Female . 

12 

! 

i 

o About. 
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reported  hy  physicians  of  ivestern  Montana. 


About  what  day  of  ill- 
ness did  spots  appear. 

Death  on  what  day  of 
disease,  or  convales- 
cencebeginningabout 
what  day. 

Fifth 

Died  eleventh  dav 

Fotirth 

do 

Sixth 

Beginning  of  lysis  on 
fifteenth  dav. 

Third 

Died  sixth  dav 

Third  or  fourth 

Convalesced  eighteenth 
dav. 

Third 

Died  fifth  dav 

do 

Died  seventh  dav 

do 

do 

Fifth 

Died  eleventh  dav 

Fourth 

Died  tenth  dav 

Xo  record 

Recovered 

Third 

Died  sixth  dav 

do 

Died  seventh  dav 

do 

Died  sixth  dav 

do 

2 or  3 weeks 

do 

Died  eighth  dav 

Had  but  little  erujuion. 

Began  to  get  better  on 
ninth  or  tenth  day. 

Xo  record 

Recovered 

do 

do 

Third 

Died  about  thirteenth 
dav. 

do 

Died  twelfth  dav 

do 

Died  eighth  dav 

do 

Died  twelfth  dav 

Don’t  remember 

Died  about  eleventh 

dav. 

Fourth 

Died'  tenth  dav 

Can  not  sav 

Died  about  eighth  day  . 

Fourth  . . : 

Died  eighth  dav 

About  third  dav 

Died  in  a few  da  vs 

do 

do 

.....do  

do 

Third 

Died  ninth  dav 

do 

Died  eighth  dav 

do 

Died  tenth  dav 

do 

Died  eighth  dav 

do 

do 

Fourth 

Recoverv 

Ibout  fourth 

Recovered  at  the  end 
of  the  fourth  week 
after  attack.  Dis- 
missed at  end  of  five 
and  a half  weeks 
from  date  of  attack. 

Third 

Recovered. 

Fourth 

Died  tenth  dav. 

No  record 

Recovered  after  about 
3 weeks  treatment. 

Remarks. 


Made  3 Adsits — July  2,  3,  4.  1885.  Spots  present  at 
my  first  visit.  Diagnosed  case  “ typhoid  fever.” 


This  case  occurred  in  a year  when  there  were 
many  deaths  from  spotted  fever  from  Carlton 
to  Corvallis.  It  was  then  called  by  the  valley 
physicians  “black  measles.” 

This  man  lived  in  Stevensville.  A short  time 
before  he  was  taken  sick  he  was  on  the  west 
side  of  the  river  and  slept  out  in  the  mountains. 


Mrs.  C.  had  been  delivered  of  male  babe  4 days 
before  her  death.  Early  in  the  second  morning 
after  birth  the  babe’s  grandmother  called  my 
attention  to  the  child’s  fever  and  jaundiced 
appearance. 

Had  but  few  spots;  began  to  get  better  on  ninth 
or  tenth  day  of  his  sickness. 

I can  give  no  good  account  of  them.  The  man, 
as  near  as  I can  remember,  was  under  my  care 
for  about  3 weeks,  then  went  to  his  relations 
at  Wausau,  Wis.  The  case  of  the  female  was 
slight. 


Considerable  swelling  of  legs  and  face  last  day 
or  two. 

Impossible  to  find  any  records  in  this  case  in  St. 
Patrick’s  Hospital  records. 


Case  came  from  Hamilton  and  taken  to  St.  Pat- 
rick’s Hospital;  only  lived  2 days.  Was  broken 
out  thoroughly  on  arrival;  could  get  no  history 
from  him.  A post-mortem  held;  only  thing 
apparently  abnormal  was  spleen  largely  in- 
creased in  size. 

This  man  was  seen  by  me  in  con.sultation  -with 
the  late  Dr.  G.  F.  Mills,  who  had  charge  of  the 
case.  It  presented  the  usual  type.  He  had 
marked  delirium,  was  abundantly  “spotted,” 
but  made  a good  recovery. 

Was  called  to  see  this  case  on  July  9,  he  having 
been  attended  by  others  prior  to  this.  Found 
him  entirely  comatosed  and  learned  that  had 
existed  for  3 days  prior.  Respirations  hurried. 
Temperature  but  slightly  above  normal  and 
the  petechic  abundant,'  many  of  which,  by 
their  coalescence,  made  a spot  as  large  as  1 
inch  in  width  and  2 or  3 in  length,  all  of  which, 
later  on,  formed  dry  gangrene  and  sloughed 
to  a depth  including  deep  fascia. 


Child  from  “ Big  Blackfoot  ” country,  after  disease 
was  well  developed.  The  spots  were  not  as 
general  as  in  the  cases  I had  before,  and  were 
only  general  in  distribution  over  the  region  of 
shoulders  and  spine. 


14 


Table  shoiring  cases  of  spotted  ( ticl:')  fever  reported 


( lan('  No, 

Physician's  name  and 
addre,ss. 

Year. 

Date  of 
onset  of 
^ symj»- 
toms. 

Patients 

initials. 

Sex. 

Age. 

i 

41[ 

R.  Gwinn.  Alissoula 

1S99 

June 

AI 

Male  . . . 

30 

42 

do 

1S99 

do ... 

M..  Airs 

Female. 

39  J 

43 

do 

1S99 

do ... 

5 

Alale  ... 

IS  i 

44 

do 

F 

....do... 

45 

4o 

46 

1 do 

1S99 

do . . . 

T.  <2  children) 

Alaleand 

female. 

3.5 

4 “ 1 

■X* 

do 

1S99 

do... 

J.  T 

Male  ... 

50 

4> 

do 

1S99 

do ... 

Airs.  J.  L 

Female. 

40 

49 

do 

1S99 

do . . . 

Mrs.  S 

....do ... 

45 

50 

do 

1S99 

do ... 

Al.  V 

do... 

9 

51 

do 

1S99 

do ... 

Alale  . . . 

30  1 

52 

do 

1S99 

do ... 

do ... 

30 

-53 

do 

1S99 

do ... 

do... 

•VTk 

oo 

54 

T.  H.  Hanbridee,  VicTor . . . 

1^ 

Apr.  24 

L.  A\- 

Female. 

12  i 

55 

1S99 

May  4 

Airs.  B.  W 

do ... 

IS  " 

56 

J.  15  . Howani.  Hamilron  . . 

1S99 

July 

Male  ... 

— s 

57 

.rio 

1<99 

do 

H..M 

do 

5S 

do 

1SV9 

June  25 

do  ... 

35 

' 

! 

59 

J.  T.  Brice.  Stevensville 

1S99 

Mav 

B.  R 

Female . 

1! 

3l 

60 

do 

1S99 

Apr 

Airs.  J.  W 

do ... 

61 

R.  Gwinn.  iliss-rtula 

1900 

June  ... 

F.  T 

Alale  ... 

70 

62 

do 

do ... 

Airs.  L 

Female. 

35 

63 

do 

Male  ... 

30 

64 

T.  H.  Hanbridge.  Victor... 

1900 

Apr.  30 

Mrs.  A 

Female. 

42 

65 

do 

1900 

Mav  13 

K 

Alale  ... 

4 

66 

do 

1900 

May  IS 

Babv 

Female. 

67 

do 

1900 

Ai'r.  15 
Mav  2 

R.  B 

Alale  ... 

40 

6S 

Geo.  McGrath.  Hamilton  . . 

1900 

T 

do ... 

a9 

69 

do 

1900 

Mav  S 

B 

do ... 

o 2h 

70 

do 

1900 

Mav  6 

H 

r emale . 

a 10 

71 

do 

1900 

Ap^ 

Airs.  W 

do 

a 40 

72 

do 

1900 

Apr.  16 

AIrs.Ai 

do ... 

.. 

a,-v>  " 

#o 

....  .do 

1900 

June  ... 

— V 

Alale  ... 

a 17 

74 

Geo.  Pumev.  ’'lissoula 

1900 

Mar.  30 

1 

F.  L 

Female. 

1 

o20 

75 

H.  F.  Brethnour.  Hamilton. 

1901 

1 

May  6 

Alale  ... 

:15 

76 

J.  T.  Brice.  Stevensville 

1901 

' Mav  — 

B 

Female. 

3 

J i 

do 

1901 

i Mav  — 

, J.  P 

Male  ... 

25 

7> 

do.. 

1901 

Mav  24 

— R 

do . . . 

12 

Oi-euparion. 


Farmer 

Honsewife 
Farmer... 
do 


Prospeetor 

Housewife 

do 


Lumberman. 

do 

do 

Schoolgirl . . . 
Hou5ekeep*er 


Sawmill  man 


None 

Honsekeeper 


Farmer 

Honsekeep^?T 

Laborer 

Housekeeper 


Slone  mason 


Housewife 


None 


Lumber  jack 

]?sone 

Laborer 

Schoolboy . . . 


N 


a About. 
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hy  physicians  of  v'estern  Montana — Continued. 


About  what  day  of  ill- 
ness did  spots  appear. 

Death  on-what  day  of 
disease,  or  convales- 
cencebeginningabout 
Avhat  day. 

Remarks. 

Third 

Died  tenth  dav 

do 

Died  eighth  dav 

Second  

Died  fourth  dav 

Third 

Died  seventh  dav 

Complicated  with  pneumonia. 

do 

do 

! Second  

Died  third  dav 

Very  violent  attack  after  exposure. 

Third 

Convalescent  twenty- 
first. 

do 

do 

Fourth 

Convalescent  forty- 
second. 

iMild  and  prolonged  attack. 

Third 

Died  sixth  dav 

do .' 

Died  fifth  dav 

Third 

Relapsed  after  abortive  treatment. 

Second 

Died  sixth  dav 

Fourth 

Convalescence  set  in  on 
tAvelfth  day.  Fever 
dropped  entirely  out 
twentv-second  dav. 

Fourth  or  fifth 

Recovered.  Conva'les- 

Temperature  about  103;  pulse  exceedingly  rapid: 

cence  began  ten  da  vs 

respiration  between  40  and  nO:  petechia  well 

after  coming  under 

defined  and  abundant:  extreme  prostration 

mv  observation  and 

and  marked  jactitation.  The  foregoing  svmp- 

was  dismissed  at  the 
end  of  three  and  a 
half  weeks. 

toms  continued  until  beginning  convalescence. 

Do  not  know 

Recovered.  Convales- 

SjTnptoms  same  as  case  Xo.  56,  but  in  a more  ad- 

cence  began  at  about 

vanced  stage,  with  a correspondingly  increased 

the  end  of  third  week 
after  attack,  but  not 
dismissed  for  about 
four  and  a half  weeks 
from  the  date  of 
attack. 

state  of  petechia. 

Third  or  fourth 

Died.  Saw  patient  first 
at  about  9 p.  m.,  and 
he  died  at  about  8 the 
next  a.  m. 

Third 

Died  ninrb  dav 

do 

Recovered 

Sent  to  Sister's  Ho.spital,  Missoula.  Sick  about 
24  days.  2 months  before  recovery  was  com- 

plete.  Treated  by  Dr.  W.  P.  Mills  at  hospital. 

Seventh  

Died  about  seventh  dav. 

Had  a low  fever  record;  eruption  well  marked. 

Third 

Died  about  fourteenth 

dav. 

do 

Died  about  seventh  dav. 

Complicated  by  gangrene. 

. . . . .do 

Died  eleventh  dav 

Second  

Died  sixth  dav 

Third ^ 

Died  eio'htb  dav 

Xo.  66  is  a niece  of  Xo.  82  and  died  the  year  be- 
fore. 

Fourth 

Died  seventh  dav 

Third 

Last  visit  !Mav  2-5, 1899  . . 

Recovered. 

Can  not  tell  at  first  visit . 

Last  visit  Mav  20 

Do. 

.Ibout  fifth  day 

Last  visit  Mav  23. 1902  . . 

Do. 

Third,  so  says  husband. 

Died  on  third  day  of 
eruption. 

First  and  last  visit  the  morning  of  day  she  died. 

Fourth,  so  says  her  son . 

Died  on  tenth  dav  of 

Considerable  swelling  of  legs  and  face  the  last  2 

disease. 

or  3 days. 

Do  not  know 

Died  about  thirteenth 
dav. 

About  one  tveek  after 

Died  on  eleventh  day  . . 

In  this  case  the  symptoms  were  about  3 days 

first  symptoms  a p - 

in  reaching  their  height.  She  became  slightly 

peared.  but  the  symp- 

more  ill  with  malarial  fever,  etc.,  each  day. 

toms  came  on  gradu- 

very  much  as  a verv  malignant  case  of  tvphoid 

ally  and  I did  not 

would  do.  Delirium  about  fourth  dav.  Hv- 

see  her  during  first 

postatic  pneumonia  beginning  at  this  time.  I 

6 or  7 days,  so  I can 

* 

saw  her  first  at  the  end  of  the  first  week,  when 

not  say  definitely. 

she  had  been  delirious  for  3 days.  She  is  sup- 
posed to  have  contracted  the  disease  at  Quig- 
lev,  where  she  was  visiting  just  previous  to  her 

illness. 

Sixth 

Convalescent  sixteenth 

Complicated  with  pneumonia;  patient  especially 

dav. 

rugged. 

Third 

Died  tenth  dav 

do 

Died  nipth  dav 

do 

Recovered 

Sick  23  da  vs  when  convalescence  began.  Disea.st 

_ 

taken  regular  course  from  onset.  First  symp- 

tom  same  as  other  cases  of  same  disease. 
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Table  showing  cases  of  spotted  {tick)  fever  reported 


6 

o 

CO 

oj 

O 


79 

80 

81 

82 

83 

84 

85 

86 

87 

88 
89 


90 


91 

92 


93 

94 

95 

96 


97 


98 

99 
100 
101 
102 

103 

104 

105 
]06 

107 

108 

109 

110 


111 

112 

113 

114 

115 

116 


Physician’s  name  and 
address. 

Year. 

Date  of 
onset  of 
symp- 
toms. 

Patient’s 

initials. 

Sex. 

Age. 

Occupation. 

J.  T.  Brice,  Stevensville 

1901 

Mav  — 

R 

Female. 

13 

Schoolgirl 

J.  J.  Bucklev,  Missoula 

1901 

May  17 

A.  H 

....do... 

1 

18 

Attending  school. 

T.  H.  Hanbridge,  Victor 

1901 

Apr.  20 

R.  C 

Male 

62 

Laborer 

do 

1901 

Apr.  2 

G.  B 

do 

35 

do . 

do 

1901 

May  4 

Mrs.  R 

Female . 

62 

Housekeeper  . 

do 

1901 

Julv  12 

M.  B 

do  . . . 

7 

G.  T.  McCull  ough , M issoula . 

1901 

Mar.  27 

B.  R 

do  . . . 

3 

do 

1901 

Mar.  20 

J.  F 

Male  . . . 

34 

Lumberman 

Geo.  McGrath,  Hamilton. . . 

1901 

July  1 

Mrs.  M.  H .... 

Female . 

«37 

Nurse 

W.  B.  Parsons,  Missoula 

1901 

June  — 

J.  H 

Male  ... 

35 

Lumber  jack 

N.  F.  Brethnour,  Ham?  1 ton. 

1902 

Maj'  13 

Mrs.  J.  D 

Female. 

33 

Housewife 

1 J.  T.  Brice,  Stevensville 

I 

1902 

Apr.  20 

Mrs.  E.  B 

....do  ... 

n40 

Housekeeper 

.do 

1902 

Mav  18 

A.  G '. 

Male  . . . 

22 

Farmer 

“ .do 

1902 

Apr.  27 

Mr.  E 

do  . . . 

74 

do 

1 

do 

1902 

May  24 

J.  A.  P 

do  . . . 

«23 

Laborer  

■ do 

1902 

May  25 

A.  R 

Female . 

a 6 

None 

j do 

1902 

June  3 

J.  0.,  jr 

Male.... 

2 

do 

do 

1902 

June  17 

D.  Mcb 

do  . . . 

34 

Lumberman 

J.C.  Burton  (D.O.),  Missoula 

1902 

May  23 

Mrs.  V.  R.  W. . 

Female . 

65 

Wife  of- farmer  ... 

K.  Gwinn,  Missoula 

1902 

June  1 

B.J.H 

Male.... 

38 

Timber  inspector. 

do 

1902 

Apr.  22 

McY 

Female . 

30 

Housekeeper 

do  

1902 

Apr.  8 

B.  J 

Male.... 

45 

Common  laborer  . 

Goo  IXToGratb  TT«t'm‘lton 

1902 

Mar.  17 

A.  M 

Female . 

12 

Schoolgirl •. . 

.do 

1902 

Apr.  13 

W.E 

Male.... 

9 

Schoolbov 

do 

1902 

Apr.  16 

A.  F 

do  . . . 

35 

Laborer  

G.T.  McCullough,  Missoula. 

1902 

Apr.  20 

C.D 

....do... 

20 

Teamster 

do 

1902 

Apr.  10 

P.  W 

do  . . . 

9 

Hr  W B Parsons  Atissonla 

1902 

Apr.  12 

McG 

Female . 

4 

None 

do  . . 

1902 

Mav  10 

H.  IM 

Male 

9 

do 

do 

1902 

May  25 

G.R 

do  ... 

52 

Farmer 

TT'  W ftnnf tij'u^nrid  \ris:<?nnlQ 

1902 

TMa.y  6 

JAY 

do  . . . 

40 

Lumber  cruiser 

Dr  Owpn  Hamilton 

1892 

Apr.  16 

Mrs.  S 

Female . 

55 

Housewife 

do 

1898 

May  25 

R.  McF 

Male 

30 

do  . 

1898 

June  10 

Mrs.  J.  H 

Female . 

24 

Housewife.- 

T H Hoinp  Bn  f tp 

1893 

(b) 

W.H 

Male 

a 34 

Miner 

do. . ' 

1893 

(0 

Mrs.  W.  H . . . . 

Female . 

a 30 

Housewife 

1903 

A 7 

0 G 

do 

8 

Child 

Dr.  McCullough,  Missoula  . 

1903 

Apr.  19 

Mrs.  F.  D 

. . . . do . . . 

18 

Housewife 

a About.  b Early  in  March.  <?  Ten  days  later  than  husband. 
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by  physicians  of  western  Montana — Continued. 


About  Avhat  day  of  ill- 
ness did  spots  appear. 


Death  on  Avhat  day  of 
disease,  or  com-ales- 
cencebeginningabout 
what  day.  ; 


Remarks. 


Third 

Died  eighth  daj’ 

Fifth 

Recovered 

Third 

Died  fifth  dav 

Fourth 

Died  seventh  daA* 

do 

Died  eleventh  daA* 

do 

Died  eighth  daA' 

About  fourth 

Died  seventh  dav 

About  fifth 

Died  tenth  dav 

Third 

Recovered  tAA’entA'-first 

dav. 

do 

Died  sixth  daA’ 

do 

Died  eleventh  daA’ 

do 

Died  ninth  daA' 

Fourth 

Died  eighth  daA' 

UnknoAA’n 

Died  about  ninth  day  . . 

Third 

Died  seventh  dav 

Second 

Died  eleventh  daA' 

Third 

Died  eighteenth  daA'  . . . 

do 

Died  thirteenth  day 

About  fifth  da  A’ 

Died  sixth  daA' 

A feAV  third  daA' 

ConA^alescent  eighth 

dav. 

Ninth 

ConA'alescent  tenth 

■ 

dav. 

do 

ConA'alescent  ninth 

daA'. 

About  fourth 

RecoverA'  tAA-entA'-first 

dav. 

do 

Died  Apr.  23,  tenth  day. 

Fourth 

Died  about  tAA'elfth  dav. 

About  fifth 

Recovered 

About  third 

Died  ninth  daA' 

Third 

Died  sixth  dav 

do 

do 

ido 

Recovered  in  three 

Aveeks. 

do 

Died  ninth  day 

Fourth 

Convalescence  began 

about  eighteenth  day ; 

last  medicine  giA'en 

5 Aveeks  after  onset 

of  disease. 

Death  on  eighth  daA’ . . . 

Death  on  ninth  daA’ 

This  I am  not  certain, 

Coiwalescent  about 

but  I think  about  8 

fourth  Aveek. 

or  10  daA’s. 

About  8 of  10  daA’s 

Little  earlier  than  bus-  : 

band.  ' 

Third 

About  fifteenth  day 

Eighth  daA' 

3191— No.  11—03 2 


This  patient  made  a good  recovery  though  a very 
severe  case  and  remarkablj-  Avell  spotted. 

This  patient  drank  no  Avater  during  the  season. 


This  is  a daughter  of  No.  82,  but  Avas  not  liAung 
on  the  same  ranch. 


Very  typical  case.  Patient  conscious  until  hour 
or  two  before  death.  Full  report  obtained 
before. 

SaAV  patient  first  in  my  office  on  second  day  of 
illness  complained  of.  Pains  in  head,  back 
upper  and  loAver  limbs,  soreness  of  muscles  in 
I all  parts  of  body.  Temperature,  102;  pulse,  90; 

respiration,  24.  Temperature  did  not  raise 
I abOA’e  103;  AA’as  normal  24  hours  before  death. 

I SaAV  him  first  about  3 hours  before  death.  Had 
been  alone  most  all  the  time;  could  get  no  his- 
tory. Spots  Avell  defined. 


SaAV  him  first  33  hours  after  onset  of  disease. 
History  same  as  above.  Temperature,  103; 
pulse,  90;  respiration,  24.  Taken  regular  course 
of  disease.  Died  on  thirteenth  day. 

Began  AA'ith  chills  and  A’omiting,  Avith  a rapid 
rise  of  temperature.  BoAvels  Avere  loose  from 
onset  of  disease;  urine  scanty  and  highly 
colored.  At  first  Au'sit,  tAvo  days  after  onset  of 
disease,  found  temperature  105;  pulse  rate  104, 
and  respiration  32.  The  temperature  AA'as  kept 
under  103  by  the  use  of  baths,  the  pulse  rate 
did  not  vary  materially,  and  the  respirations 
gradually  increased  to  45  per  minute.  Ten 
hours  before  death  occurred  temperature  fell 
to  95  and  the  spots  all  became  darker. 

Abortive  treatment;  blood  shoAved  protozoon. 

Abortive  treatment  used  by  patient  at  first 
attack. 

AbortiA’e  treatment;  threatened  gangrene  of 
right  toes. 

Circulation  quite  rapid  at  end  of  tAvo  months. 

Delirious  much  of  the  time  after  Apr.  17  until 
death. 

Convalescence  beginning  about  tAA'elfth  day  of 
disease. 

(No.  108  is  the  only  one  Avhich  recovered.  He 
had  been  bitten  by  tAvo  ticks  a fcAv  days  before 
taken  sick. 


ConA’alescence  A’ery  sIoav  in  each  case:  it  AA’as 
1 about  10  or  12  Aveeks  before  they  could  AA’ork, 
;(  and  their  health  AA’as  never  so  good  afterwards 
I AA’hile  I kneAV  them. 

Systematic  treatment  Avith  quinine;  parasites  in 
blood. 

Blood  showed  parasites. 


Table  shouing  cases  of  spotted  {tick)  fever  reported 


Case  No. 

Physician’s  name  and 
address. 

Year. 

Date  of 
onset  of 
sjTnp- 
toms. 

Patient’s 

initials. 

Sex. 

Age. 

Occupation. 

117 

Pr.  Brooke,  SteYensville. . . 
Dr.  Bryce,  SteTens^dlle 

1903 

Apr.  20> 
do  ... 

J.  H.  D 

Male 

34 

Farmer ...  . 

118 

1903 

C.  F 

do  . . . 

48 

Lumberman 

119 

do 

1903 

Apr.  25 

Apr.  28 
May  11 

B.S 

Female . 

5 

Child ' 

120 

Dr.  Mills,  Missoula 

1903 

C.  M' 

Male 

28 

i 

Ranch  hand 

121 

Drs.  Parson  and  Brown, 
Mi.ssoula. 

1903 

Mrs.  L.  M 

Female . 

30 

Housewife 
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Death  on  what  day  of 
disease,  or  convales- 
cencebeginningabout 
Avhat  day. 


Remarks. 


About  what  day  of  ill- 
ness did  spots  appear. 


Fourth  . 
Third . . . 

do  . . 

i Seventh 
Third... 


Eighth  day 

Convalescence  began 
about  eighteenth  day. 
Convalescence  began 
twelfth  day. 

Died  fourteenth  day 

Convalescent  fifteenth 
day. 


Blood  showed  Parasites. 
Blood  showed  parasites. 

with  quinine. 

Blood  examination  not 
treatment. 

Blood  showed  parasites. 
Blood  showed  parasites. 


Systematic  treatment 

permitted.  Quinine 

Xo  quinine. 

Quinine  treatment. 
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8. METHOD  OF  IXFECTIOX. 

The  life  history  of  the  organisms  of  malaria  and  Texas  fever  natu- 
rally suggested  that  some  insect  was  concerned  in  the  transmission  of 
the  disease.  On  investigation  it  Avas  found  that  the  ticks  appeared  in 
the  A^alleA^  about  the  last  of  February,  but  were  inacth'e  until  the 
middle  of  March  or  first  of  April,  the  first  cases  of  feA^er  appearing 
about  the  last  of  March.'  The  ticks  begin  to  diminish  greatly  in 
number  from  about  June  1,  and  after  the  middle  of  July  Axry  few  are 
seen;  the  cases  of  fever  also  begin  to  diminish  about  June  1,  the  latest 
date  on  which  the  disease  has  been  known  to  occur  being’  July  20. 

' Mosquitoes  do  not  appear  in  the  A'alley  until  after  the  first  cases  of 
feA^er  develop,  and  remain  some  time  after  the  last  cases  appear. 
Bedbugs  and  other  house  insects,  I think,  were  well  excluded,  by  the 
fact  that  there  has  neA’er  been  known  an  instance  in  which  two  cases 
occurred  the  same  year  in  the  same  house. 

On  a closer  study  of  the  cases  of  spotted  (tick)  feA'er  it  Avas  always 
found  that  there  was  a historA'  of  tick  bites  about  one  week  before  the 
onset.  In  four  cases  there  was  a history  of  a single  bite  two,  three, 
five,  and  seA^en  days,  respectiA^ely,  before  the  initial  symptoms'.  The 
usual  time  between  the  bite  and  the  onset  of  the  feA^er  is  about  seA’en 
daA’S.  If  the  tick  transmits  the  disease,  it  inaA’  be  asked,  WhA^  do  not 
more  persons  become  infected,  and  Avhy  is  the  infection  confined  to 
the  west  bank  of  the  Bitter  Root  RAer  ? I think  this  may  be  answered 
bA"  the  A^ei’A^  obvious  fact  that  the  tick  is  unable  to  traAxd  aiiA^  great 
distance,  unless  carried  on  some  person  or  object.  Again,  it  is  A'ery 
unusual  for  a tick  to  bite  a person  and  not  be  discoA'ered  in  a short 
while,  and  the  result  is  the  death  of  the  tick.  If,  as  in  Texas  feA^er, 
the  deA’elopment  of  the  parasite  takes  place  in  the  female  tick  and  the 
voung  ticks  transmit  the  infection,  the  A’ei’A^  small  number  of  ticks 
which  escape  detection  on  persons  explains  the  small  number  of  infected 
ticks.  Where  do  the  female  ticks  get  their  infection  ? I examined  a 
recoA’ered  case  twenty -four  days  after  discharge  by  the  physician  and 
had  no  trouble  in  finding  the  parasite  in  the  fresh  blood.  This  child 
had  been  out  of  doors  for  OA’er  two  weeks,  and  if  a female  tick  (ticks 
were  quite  numerous  near  the  house)  had  bitten  her  and  escaped 
destruction  the  parasites  in  the  blood  taken  in  bA^  the  tick  would  haAX 
undergone  development  and  the  young  ticks,  when  hatched  out,  would 
be  ready  to  infect  prospectAe  Auctims. 

AVhile  the  aboA'e  facts  and  conclusions  tend  strongly  to  the  belief 
that  the  ticks  are  necessarv  for  the  transmission  of  the  disease,  the 
actual  fact  can  not  be  proA’ed  scientifically  until  carefully  controlled 
experiments  are  made  on  nonimmune  persons. 
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TICKS. 

As  many  ticks  as  it  was  possible  to  obtain  were  collected  in  the  Bit- 
ter Root  Valley;  twent3"-four,  representing  what  were  thought  to  be 
different  species,  were  sent  to  the  Hygienic  Laboratory  of  the  Service 
in  Washington,  D.  C.,  for  classification.  They  were  referred  bj^  the 
Director  to  Dr.  Ch.  Warded  Stiles,  Zoologist  of  the  Laboratoiy,  for 
determination,  and  he  reports  that — 

All  of  these  specimens  belong  to  the  genus  Dermacentor.  There  is  considerable 
variation  among  them,  but  so  far  as  I have  been  able  to  make  out,  this  variation  does 
not  extend  beyond  the  limits  usually  found  in  one  and  the  same  species  in  this  group. 
Most  of  the  material  is  not  in  the  best  condition  for  determination,  but  so  far  as  I am 
able  to  discover,  I can  recognize  as  yet  no  specific  difference  between  these  speci- 
mens and  Dermacentor  reticuJatns.  I would  therefore  make  the  provisional  diagnosis 
of  Dermacentor  reticulatus. 

The  ticks  in  box  No.  1 have  laid  numerous  eggs,  and  I have  developed  the  six- 
legged stage  from  them.  I have  now  made  arrangements  to  place  these  young  ticks 
on  cattle  and  develop  all  of  the  various  stages.  With  fresh  material  of  this  kind  I 
shall  be  able  to  determine  whether  the  variations  noticed  extend  beyond  the  limits 
of  specific  value,  and  also  whether  there  is  any  reason  for  ]ue  to  change  my  opinion 
that  these  represent  the  species  known  to  zoologists  as  Dermacentor  reticulatus. 


SYMPTOMS. 

INCUBATIOK. 

This  is  from  three  to  ten  days,  usuall}"  about  seven.  For  a few 
da^ys  the  patient  ma}"  have  chilly  sensations,  malaise,  and  nausea; 
finall}^  there  is  a distinct  chill,  and  the  person  takes  to  bed.  There  is 
some  pain  in  the  back  and  head;  soreness  of  the  muscles  and  bones, 
causing  a sensation  as  if  the  limbs  were  in  a vise;  bowels  constipated; 
tongue  with  heav}"  white  coat,  red  edge  and  tip;  conjunctivse  con- 
gested, becoming  3"ellowish;  urine  usualH  small  in  amount,  with  albu- 
min and  a few  casts;  slight  bronchitis  after  a few  da^^s;  nose  bleed, 
sometimes  quite  severe,  is  alwa^'s  present. 

FEVER. 

Before  the  distinct  chill  there  is  little  or  no  fever  in  the  morning, 
with  a slight  rise  in  the  afternoon.  After  the  chill  there  is  an  abrupt 
rise,  and  from  then  on  the  fever  gradually"  rises  in  the  evening,  with 
a slight  morning  remission.  The  maximum  is  usually  reached  on  the 
eighth  to  the  twelfth  da^^;  then,  in  a favorable  case,  gradually  falls, 
becoming  normal  about  the  fourteenth  to  the  eighteenth  da}-,  usually 
going  to  subnormal  for  a few  days.  In  fatal  cases  the  fever  remains 
high,  from  lOT^  to  105°  or  106°,  and  the  morning  remissions  are  very 
slight  or  not  present. 
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CIRCULATORY  SYSTEM. 


The  pulse  appears  out  of  all  proportion  to  the  temperature,  usually 
running-  from  110  to  140,  a pulse  of  120  being  not  unusual  with  a tem- 
perature of  102°.  It  is  rather  thread}^,  though  sometimes  full  and 
strong,  occasionally  dicrotic  in  the  first  week.  Red  blood  counts  show 
a progressiye  decrease  in  red  cells,  but  as  soon  as  the  temperature 
becomes  normal  an  increase  begins.  The  white  blood  corpuscles  are 
increased  in  number,  A^arying  from  8,000  to  12,000.  A differential 
count  in  two  cases  gaA^e  an  aA^erage  of — 


Polymorphonuclear  leucocytes 
Large  mononuclear  leucocytes 

Small  lymphocytes 

Eosinophiles 

Total 


Per  cent. 

77.  7 . 
..  11.4 

..  10.0 

.9 


ICO.O 


This  shows  as  its  most  interesting  feature  an  increase  in  the  large 
mononuclears. 

There  was  a steady,  but  neA^er  Axry  rapid,  decrease  in  the  percentage 
of  hemoglobin,  one  case  going  as  low  as  50  per  cent. 

The  blood  failed  at  all  times  to  agglutinate  hacilliis  ty}:)hosus. 

Fresh  and  stained  blood  shoAA^ed  the  three  forms  of  parasites  described 
under  etiology. 

THE  ERUPTION. 


Tlie  eruption  appears  usually  on  the  third  day,  first  on  the  wrists 
and  ankles,  then  on  arms,  legs,  forehead,  back,  chest,  and,  last  and 
least,  on  the  abdomen.  It  is  neAxr  A^ery  abundant  on  the  abdomen, 
but  the  other  portions  of  the  body  in  some  cases  are  literall}"  coA^ered 
b}"  the  eruption. 

At  first  the  spots  are  of  a bright-red  color,  macular  at  all  times, 
from  a pin  point  to  a split  pea  in  size.  At  first  they  disappear  readil}" 
on  pressure  and  return  quicklAh  but  if  the  case  is  a seA^ere  one  they 
soon  become  darker  and  in  some  cases  are  almost  purple.  From  about 
the  sixth  to  the  tenth  day  of  the  disease  they  fail  to  disappear  on 
pressure  and  are  distinctly  petechial  in  character.  In  faA^orable  cases, 
about  the  fourteenth  day  they  begin  to  lose  their  petechial  character 
and  disappear  slowl}-  on  pressure.  In  some  cases  the  eruption  con- 
sists of  small,  broAAUiish  spots,  giying  a turkey-egg  appearance,  w^ell 
shown  by  the  photographs  on  pages  22  and  23. 

As  the  feA^er  declines  the  eruption  begins  to  fade;  but  a slight 
return  of  feA^er  or  a free  perspiration  will  cause  it  to  show  distinctly. 
I am  informed  that,  folloAAfing  a AAaarm  bath  in  a case  ten  months  recoA- 

«The  average  normal  red  blood  count  at  this  eleA^ation  (3,500  feet)  gives  over 
5,500,000. 


FUliprioN  I iCK  ( FVFii;  I wo  iioima  at  i fn  DrAiii. 
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ered,  the  spots  showed  distinctl}".  I have  seen  them  in  a case  twenty- 
four  days  after  discharge. 

When  convalescence  is  well  advanced  desquamation  begins  and 
extends  over  the  entire  body.  In  very  severe  cases  there  may  be 
gangrene  of  the  lingers  or  toes,  and  still  more  frequently  of  the  skin 
of  the  scrotum  and  penis.  The  skin  is  always  jaundiced  to  a greater 
or  less  degree.  This  is  usuall}^  first  noticed  in  the  conjunctiva?,  the 
vessels  of  which  are  congested  from  the  outset. 

DIGESTIVE  SYSTEM. 

The  tongue  at  first  has  a heavy  whitish  coat,  with  red  edge  and  tip; 
later  the  coat  l)ecomes  dark  brown  and  the  teeth  are  covered  with 
sordes.  At  first  there  may  be  a little  nausea,  but  the  appetite  is  often 
good  throughout  the  first  week.  In  fatal  cases  nausea  becomes  more 
persistent  during  the  second  week  and  lasts  until  the  end.  Constipa- 
tion is  present  throughout  the  course  of  the  attack.  Tympanites  is 
never  excessive;  gurgling  in  right  iliac  fossa  occasionalh".  The  liver 
is  usually  moderately  enlarged.  The  spleen  is  enlarged  early  and 
mav  extend  1 or  2 inches  below  the  costal  margin. 

UKINAKY  SYSTEM. 

The  urine  is  decreased  to  about  one-half  its  normal  amount  for  the 
twenty -four  hours;  small  amount  of  albumin  in  all  cases  examined; 
granular,  hyaline,  and  epithelial  casts. 

RESPIKATOKY  SYSTEM. 

The  respiratory  rate  is  always  increased,  usually  varying  from  26 
to  40  per  minute,  in  some  cases  reaching  50  to  60;  regular,  but  often 
shallow.  In  the  second  week  there  is  alwavs  a slight  bronchitis. 
Lobar  pneumonia  is  a frequent  complication  in  fatal  cases.  Epistaxis 
is  usuall}"  se^n  from  the  end  of  the  first  week. 

NERYOUS  SYSTEM. 

Pain  in  head  and  back  is  usually  severe  during  the  first  week. 
Soreness  of  the  muscles  and  bones  causes  the  patient  to  change  posi- 
tion often  in  the  endeavor  to  find  a comfortable  postui*e.  The  muscu- 
lar soreness  is  often  veiy  severe,  even  in  mild  cases,  and  lasts  until 
recovery.  The  mind  is  usually  clear,  even  in  severe  cases,  until 
within  a few  hours  of  the  end.  Pupils  react  normally  to  light  and 
distance;  no  opisthotomus  or  other  irritative  symptoms. 
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HISTORY  OF  CASES. 

Case  115,  1903. 

O.  C.,  age  8 years,  residence  about  3 miles  west  and  1 mile  south  of 
Hamilton,  about  1 mile  east  of  case  Hrs.  J.  D..  case  89,  1902.  (See 
map,  p.  8.) 

About  April  1 two  ticks  were  removed  from  right  side  of  head, 
near  middle  line.  The  wounds  became  quite  sore  on  the  following 
da\'  and  the  child  complained  of  headache  during  the  ensuing  week. 
April  7 or  8 the  child  complained,  in  addition  to  headache,  of  soreness 
from  site  of  bite  down  the  side  of  head  behind  right  ear  and  neck  to 
shoulder.  The  post-cervical  glands  were  enlarged,  particularly  on 
right  side.  At  this  time  she  complained  of  being  chilly,  though  she 
did  not  have  a marked  rigor.  She  was  feverish  April  8,  9,  and  10. 
On  April  10  spots  began  to  appear,  first  on  the  extremities. 

She  was  first  seen  by  Dr.  G.  B.  HcGrath,  of  Hamilton,  on  April  13. 

Patient  was  seen  by  Drs.  McGrath  and  Wilson  April  24.  Child 
seemed  pale,  weak,  and  easih"  tired,  but  otherwise  well  and  able  to 
play  outdoors.  Over  the  forearms,  legs,  thighs,  and  back  there  was 
a distinct  mottling  of  the  skin.  Pressure  over  these  areas  increased 
the  distinctness  of  the  spots.  Examination  -of  fresh  blood  showed  a 
few  ovoidal  bodies  within  red  blood  cells.  Count  showed — 

Red  blood  corpuscles 4,  720,  000 

Leucocytes 4,  500 

Hemoglobin  (Tallquist) 1 per  cent. . 80 

Post-cervical  glands  on  right  side  still  enlarged. 

Patient  examined  again  May  5 by  Drs.  Anderson,  Hanbidge,  and 
M'ilson.  Feeling’  much  better,  not  as  pale  as  on  previous  examina- 
tion, and  able  to  play  longer  without  tiring.  Pulse,  112;  temperature 
normal. 

Red  blood  corpuscles 4,  824, 000 

Leucocytes 4,  450 

Hemoglobin  ( Tallquist ) per  cent . . 90 

Fresh  blood  showed  a few  red  blood  corpuscles  which  contained  the 
ovoidal  bodies  similar  to  those  seen  at  first  examination. 


Case  116,  1903. 

Mrs.  F.  D.,  age  18  3mars,  married  one  and  one-half  j^ears,  mother 
of  7-months-old  child.  Pesi deuce  on  left  bank  of  Lolo  Creek,  1 mile 
west  of  Lolo  store.  (See  map,  p.  8.) 

On  April  12  or  13  Mrs.  D.  was  with  her  husband  with  team  in 
grove  of  small  poplars  300  3’ards  north  of  residence.  On  this  day 
she  was  perhaps  also  across  Lolo  Creek,  south  of  house;  accurate 
information  on  this  point  could  not  be  gained.  CeidainH  the  horse 


ERUPTION  TICK  FEVER;  TWELFTH  DAY. 


Name,  Mrs,  D.;  case,  116;  age,  18;  disease,  tick  fever. 
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had  been  across  the  creek  onh"  a day  or  two  previous  to  April  13. 
On  the  evening  of  April  13  ^‘a  large  red  tick”  was  found  fast  under 
Mrs.  D.’s  left  arm  and  was  removed  with  some  difficulty.  On  the 


following  day  the  wound  was  sore  and  swollen,  as  were  also  the  glands 
in  the  axillary  space.  The  soreness  became  less  marked  after  a few 
days,  but  did  not  at  any  time  completely  disappear. 
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On  April  19  the  soreness  became  much  worse,  and  shooting*  pains 
began  radiating  from  the  axilla  through  the  shoulder,  down  the  arm 
and  side  of  the  body.  Patient  had  a severe  chill,  followed  by  high 
temperature  and  aching  pains  in  back.  These  gradually  extended  to 
the  whole  bod}".  Patient  felt  better  on  April  20  and  21  in  the  morn- 
ing, but  was  worse  again  in  the  afternoon. 

On  April  22  she  was  brought  to  St.  Patrick’s  Hospital,  Missoula, 
and  placed  under  the  care  of  Dr.  McCollough.  On  the  evening  of 
April  22  spots  began  to  appear  first  on  the  wrist  and  ankles.  On  the 
morning  of  April  24  spots  were  well  developed  all  over  body,  being 
of  the  small  petechial  type  and  quite  rosy  in  appearance.  Patient’s 
mind  at  this  time  was  quite  clear  (except  for  slight  wandering  imme- 
diately after  awakening)  and  remained  so  until  a few  hours  before 
death. 

- Patient  examined  April  24,  9 a.  m.,  by  Drs.  McCollough,  Gwinn, 
Spottswood,  and  MTlson.  Fresh  blood  showed  a few  red  cells  which 
contained  ovoidal  bodies  with  amoeboid  movements  (an  alcohol  lamp 
was  in  front  of  concave  mirror).  Count  showed — 

Red  blood  corpuscles 4,  920,  000 

Leucocytes 7,400 

Hemoglobin per  cent. . 100 

Cultures  with  blood  taken  from  the  ear  Were  made  on  agar  and 
serum.  These  showed  no  growth  after  three  days  in  the  incubator. 

Patient  was  examined  again  April  26  by  Dr.  Wilson.  Condition 
was  apparently  the  same  as  when  last  seen  except  the  patient  was 
more  restless.  Fresh  blood  showed  many  more  infected  cells  than  that 
collected  April  24.  Count  showed — 

Red  blood  corpuscles 4,  600,  000 

Leucocytes 7,600 

Hemoglobin j)er  cent. . 80. 

Patient  died  at  10  a.  m.,  April  27.  (For  temperature,  pulse,  etc., 
see  accompanying  chart.) 

On  the  afternoon  of  April  24  Dr.  Wilson,  in  company  with  Mr. 
D.,  examined  the  latter’s  ranch  and  searched  for  ticks  in  the  locality 
where  Mrs.  D.  was  supposed  to  have  gotten  her  infection.  No  ticks 
were  found. 

Case  117,  1903. 

fl.  H.  D.,  age  34,  residence  one-half  mile  north  and  one-fourth  mile 
west  of  Florence.  (See  map,  p.  8.) 

Was  bitten  on  top  of  the  head  and  on  left  arm  by  ticks  on  Thurs- 
day, April  16.  Ticks,  when  removed  on  this  date,  were  partially 
tilled  with  blood,  having  evidently  been  in  place  for  some  time. 
Wounds  were  sore  before  removal  of  ticks  and  continued  so  until 
disease  was  well  developed.  On  April  20  soreness  of  wound  on  head 
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extended  over  side  of  head  and  down  neck  with  shooting-  pains  to 
shoulder,  arm,  and  hand.  Patient  had  marked  chill,  followed  hy  fev^er. 

On  April  20  spots  appeared  on  hands  and  feet,  extending  up  fore- 
arms and  legs  and  appearing  on  hack  in  a few  hours.  Patient  was 
seen  on  this  day  i)V  Dr.  Brooke,  of  Stevensville.  No  record  of  pulse, 


etc.,  was  kept,  but  the 
after  death  of  patient; 

following 

figures  were  obtained  from 

nurse 

Temperature. 

April  20 

105.0 

April  24 

. 103.0 

April  21 

101.0 

April  25 

. 100.2 

Aj)ril  22 

99.0 

April  26 

. 100.0 

April  23 

105.0 

April  27 

. 98.0 

Pulse  ran  from  00  to  120  throughout  the  disease,  until  the  last 
twenty-four  hours.  Respiration  normal  at  first,  l)ecame  more  rapid 
and  labored  until  a few  hours  before  death,  then  gradually  grew 
weaker.  Mind  was  clear  throughout  the  course  of  the  disease  until 
a few  hours  before  death.  After  initial  constipation  bowels  were 
regular  without  medicine.  Tongue  was  coated  throughout  course 
of  disease. 

Patient  was  examined  April  27,  at  2 p.  m.,  by  Drs.  Brooke  and  Wil- 
son. Temperature  normal,  pulse  108,  respiration  30  and  labored. 
Face  and  limbs  much  swollen.  Mind  fairly  clear,  but  some  stupor. 
Skin  over  whole  of  body,  and  especially  of  dependent  portions,  showed 
spots  of  dark  red  to  purple  in  color  and  from  1 mm.  to  3 cm.  in  diam- 
eter. Over  the  legs  and  forearms  a marked  marl)led  appearance  was 
produced.  Fresh  blood  showed  relatively  large  numbers  of  red  blood 
cells  which  contained  parasites.  Count  showed — 

Red  blood  corpuscles 4,  368,  000 

Leucocytes 7,  800 

Hemoglobin percent..  60 

Patient  died  on  April  28,  1 a.  m.  No  autopsy  was  performed. 

Case  118,  1903. 

E.  F.,  age  48  years,  residence  4 miles  north  of  Stevensville,  on  main 
road.  (See  map,  p.  8.)  Had  been  bitten  many  times  by  ticks  during 
the  spring  of  1903.  Had  no  remembrance  of  any  single  severe  bite 
shortly  before  illness.  W as  not  feeling  well  on  Sunday,  April  19. 
Had  a chill  on  April  20,  followed  by  fever  with  morning  remissions 
during  the  next  two  da^^s.  Spots  began  to  appear  April  22,  first  on 
extremities.  Were  well  marked  April  23,  when  patient  was  first  seen 
b}"  Dr.  Bryce,  of  Stevensville.  Patient  at  this  time  presented  ,the 
usual  symptoms  of  headache,  fever  (temperature  103),  aching  pains  in 
back  and  limbs,  and  constipation.  Patient  was  given  calomel  10  grains 
and  quinine  sulphate  40  grains  l)y  the  mouth.  Patient  examined 


April  27.  at  11  a.  m..  bv  Drs.  Bryce  and  Wilson.  Spots  were  numer- 
ous. large,  and  covering  entire  body,  were  rosy  in  appearance  except 
on  dependent  portions,  where  they  were  somewhat  darker  in  color. 
Temperature  101.  pulse  101.  respiration  26.  Fresh  blood  showed  a few 
red  cells  containing  oro-anisms.  Count  showed — 

lied  blood  corpuscles 4.  576, 000 

White  blood  corpuscles 7,  300 

Hemoglobin - percent..  70 

At  Dr.  Wilson's  suggestion,  the  patient's  room  was  darkened,  with 
apparent  o*ood  results  in  allaying  restlessness. 

Patient  examined  again  April  29  by  Drs.  Bryce.  Johnson,  and  Wil- 
son. Examinations  of  fresh  blood  showed  many  red  blood  cells  con- 
taining oro-anisms.  Count  showed — 

Eed  blood  corpuscles 3,  S20,  000 

Leucoc>*tes S.  000 

Hemoglobin j)er  c-ent . . 50 

Patient  exammed  again  May  2 by  Drs.  Bryce.  Anderson,  and  Wil- 
son. Patient  very  weak:  condition  otherwise  much  as  before.  Spots 
somewhat  darker  on  dependent  portions,  but  more  rosy  over  remainder 
of  body.  Temperatime  102.5.  pulse  120.  respiration  2S.  Patient  had 
had  only  strychnine  for  the  last  twenty-four  hours.  Given  subcuta- 
neous injection  of  quinine  hydrochlorate  2"  grains  at  time  of  visit. 
Examination  of  fresh  blood  showed  a few  organisms  in  red  cells. 
Count  gave — 

Eei  blood  corpuscles 3.  920, 000 

Leucocytes S,  500 

Hemoglobin per  cent . . 60 

(Specimen  taken  from  same  point  as  that  of  April  27.) 

Patient  passed  into  a state  of  semiconsciousness,  gradually  increas- 
ing to  total  unconsciousness,  which  gradually  passed  away,  having 
lasted  seventy-two  hours. 

Pulse  about  120.  tempemture  ran  between  102.5  in  the  morning  to 
103.5  in  the  afternoon  until  May  9,  then  it  dropped  to  subnormal. 
The  spots  remained  dark  until  about  the  iLth.  when  they  became  much 
lighter,  gradually  disappearing,  first  from  the  extremities  and  back. 
Pecovered. 

Treatment;  Bowels  kept  open  with  calomel.  Quinine  sulphate  2.  6 
grams  by  mouth  every  twenty-four  hours,  and  quinine  hydrochlorate 
in  gradually  increasing  doses  up  to  3.  3 grams  every  twenty-four  hours 
hypodermically  until  improvement  began,  then  gradually  decreased. 
Patient  was  frequently  given  hot  sponge  baths,  which  allayed  the 
restlessness  and  lessened  the  congestion  of  the  skin,  causing  spots  to 
change  from  dark  red  to  rosv  red. 
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Case  119,  1903. 

K.  S.,  female,  age  5 years,  residence  1 mile  north  of  Florence  and 
about  one-eighth  mile  south  of  O.  G.’s  residence.  (Map,  p.  8,  case  No. 
91,  1902.)  Child’s  two  sisters  and  brother  had  been  frequently  bitten 
by  ticks  during  the  spring  of  1903.  This  child  had,  however,  been  in 
Missoula  during  most  of  the  spring  until  three  weeks  before  sickness 
began.  The  wound  remained  sore  and  some  pain  and  swelling  was 
jiresent,  extending  down  side  of  head  behind  ear  and  to  right  neck. 

April  25  patient  appeared  dull  and  feverish.  On  April  27  spots 
began  to  appear  first  on  back  and  thighs  (child  had  been  in  bed  since 
April  25).  Dr.  Bryce,  of  Stevensidlle,  saw  patient  on  this  day  (April 
27).  Temperature  102.  Quinine  hydrochlorate  was  given  by  mouth 
and  1‘oom  darkened.  Patient  seen  April  29,  12  m.,  by  Drs.  Bryce, 
Johnson,  and  AAilson.  Child  feeling  well;  mind  clear.  Spots  con- 
sisted of  fine  petechise.  Temperature  101,  pulse  120,  strong  and 
regular.  No  examination  of  blood  permitted. 

Patient  examined  May  2 b}^  Drs.  Bryce,  Anderson,  and  Wilson. 
Child  weaker  and  more  restless  than  on  April  29,  otherwise  condition 
much  the  same.  Pulse  120,  temperature  101.1.  Quinine  hydrochlo- 
rate was  given  in  10-grain  doses  twice  dail}",  at  first  by  rectum. 
Temperature  remained  about  102° 

On  May  5 gradually  became  unconscious  and  remained  so  for  about 
live  da}"s,  and  then  gradual  improvement  began,  which  was  interrupted 
by  an  attack  of  3;Cute  indigestion  on  the  11th,  which  gradually  passed 
off.  Spots  remained  dark  red  until  about  the  12th,  and  then  began  to 
fade.  Pecovery. 

Case  120,  1903. 

E.  M.,  Finlander,  age  28,  resident  of  cottag’e  where  O.  G.,  case  91, 
1902,  died;  about  1 mile  south  and  1 mile  west  of  Florence  station.  (See 
map,  p.  8. ) Had  not  often  been  bitten  by  ticks  during  the  spring  of  1903 ; 
in  fact,  does  not  remember  having  been  bitten  at  all  until  he  removed 
two  ticks  April  28,  one  from  over  left  breast  and  the  other  from  over 
left  biceps.  These  ticks  must  have  been  in  place  for  some  time,  since 
both  were  filled  with  blood. 

On  the  evening  of  Monday,  April  28,  patient  had  a chill,  followed' 
by  fever  and  pains  in  back  and  limbs.  Pains  and  fever  continued  next 
da}"  and  patient  walked  to  a friend’s  li  miles  distant.  On  arrival 
there  he  examined  himself  and  found  the  two  ticks  above  mentioned. 

On  April  29,  3 p.  m.,  patient  first  seen  by  Dr.  Bryce.  Temperature 
102.5,  pulse  108,  furred  tongue,  peculiar,  sweetish  odor  of  breath, 
circulation  on  compressed  areas  and  extremities  feeble.  Mottling  of 
skin  over  palms  of  hands,  especially  thumbs.  Patient  showed  con- 
siderable mental  dullness  and  complained  of  headache,  pains  in  back 
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and  liinb.>.  and  bad  taste  in  niontli.  Diagnosis  of  beginning  spotted 
fever  vras  made.  Patient  given  15  grains  of  blue  mass  and  10  grains 
of  quinine  hydroehlorate  1)V  mouth. 


On  the  morning  of  April  3t»  jpatient  was  brought  to  St.  Patrick  s 
Hospital  and  placed  under  the  care  of  Dr.  Mills.  (For  temperature, 
pulse,  respiration,  etc.,  from  this  time  see  chart.) 


; (lisouso,  tick 
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S^^uiptoms  as  noted  by  Dr.  Br}xe  continued  after  initial  slight  abate- 
ment until  May  1,  when  patient  felt  worse.  On  the  morning  of  May 
5 Dr.  i\Iills  observed  small  red  spots  on  right  side  over  region  of  liver; 
more  spots  on  back  and  on  wrists  in  the  afternoon.  On  the  morning 
of  Ma}'  6 spots  were  quite  abundant  over  regions  noted  above  and  also 
over  thighs  and  forearms.  Specimens  of  blood  taken,  fixed,  and 
stained  by  Dr.  Charles  Pixley  showed  a few  intracellular  bodies. 

At  3 p.  m.,  May  (3,  patient  was  examined  by  Drs.  Mills,  Pixle}q 
Ash  burn,  Merritt,  Anderson,  and  Wilson.  Patient  apathetic;  tongue 
with  heavy,  white  coat,  red  margins  and  tip.  Spots  were  numerous 
on  extremities  and  back;  few  or  almost  absent  over  abdomen;  scat- 
tered, but  larger  and  more  plentiful,  over  chest;  obscured  on  face  by 
tan,  beard,  and  pockmarks.  Spots  were  2 to  5 mm.  in  diameter,  rosy 
in  color,  not  elevated,  and  disappeared  readih’  on  pressure,  also  readily 
reappeared  when  pressure  was  removed.  Spleen  much  enlarged; 
liver  normal.  Considerable  gurgling  and  tenderness  in  right  iliac 
fossa.  Fresh  blood  showed  a very  few  organisms  in  red  cells,  mostly 
of  small  type.  Count  gave — 

Eed  blood  corpuscles 4,  744,  000 

Leucocytes 4,  800 

Hemoglobin per  cent . . 90 

Examined  again  10.30  a.  ni.  May  T.  19()3,  by  Drs.  Mills,  Pixley, 
BiTce,  Anderson,  and  IVilson.  Spots  more  general  over  body,  but 
somewhat  lighter  in  color  than  on  previous  day.  Patient  feeling  bet- 
ter. Spleen  and  liver  as  on  previous  day.  Gurgling  in  right  iliac 
fossa  still  present;  no  tenderness.  Frevsh  blood  showed  a few  organ- 
isms, mosth^  of  small  type. 

Eed  blood  corpuscles  d,  722,  000 

Leucocytes  6,  900 

Hemoglo^^in per  cent. . 87 

Patient  seen  on  the  8th  of  May,  10  a.  m. , by  Drs.  Mills  and  Ander- 
son. Patient  sleeping,  having  had  sulphonal,  grains  LO,  the  night 
before.  Conjunctivte  much  injected.  Spots  bright  red,  very  numer- 
ous on  back,  plentiful  on  legs,  thighs,  arms,  and  especialD  on  fore- 
arms; disappear  very  slowly  on  pressure  and  return  slowh”.  Spleen 
and  liver  as  yesterday;  pulse  of  fair  Amluine. 

Eed  blood  corpuscles d,  721, 000 

Hemoglobin percent..  85 

Very  few  intracellular  bodies  seen  in  fresh  blood  preparations. 
Small  amount  of  albumin  in  urine,  heav}^  deposit  phosphates;  no  casts 
or  red  blood  cells. 

May  9,  1903,  patient  seen  by  Drs.  Mills,  Mnlson,  and  Anderson. 
Apparently  not  as  well  as  yesterday.  Conjunctivse  much  injected. 
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Spots  on  back  bright  red,  do  not  disappear  on  pressure;  on  arms  and 
lower  limbs  disapjDear  reiy  slowly  and  return  slowly. 

Red  blood  corpuscles 4,458,000 

Hemoglobin percent..  82 

Few  intracellular  bodies  seen  in  fresh  blood  in  red  cells.  Paired 
organisms,  united  by  fine  threads  in  two  cells,  seen  for  the  first  time. 
Albumin  present;  granular  and  epithelial  casts. 

May  10,  1903,  11  a.  m.,  patient  seen  by  Drs.  Mills,  Wilson,  and 
Anderson.  Much  weaker  than  yesterday.  Had  nosebleed  durinn 
night.  Pulse  about  102  and  of  poor  yolume.  Spots  on  back  of  a 
petechial  character  and  do  not  disappear  on  pressure;  on  hands  and 
legs  disappear  yery  slowly. 

Red  blood  corpuscles 3,858,000 

Hemoglobin per  cent. . 77 

Man}"  intracellular  bodies  seen  in  fresh  preparations.  A few  paired 
ones  united  by  fine  thread. 

May  10,  1903,  8 p.  m.,  patient  seen  by  Drs.  Mills  and  Anderson. 
Pulse  stronger  and  fuller  than  this  morning.  Had  nosebleed  for  about 
thirty  minutes  in  afternoon  and  morning. 

May  11,  1903,  patient  seen  by  Drs.  Mills,  Wilson,  and  Anderson. 
Very  much  weaker.  The  coniunctiyee  much  in]‘ected  and  jaundiced. 
Pulse  about  120;  yery  poor  yolume.  Spots  on  back  distinctly  petech- 
ial and  dark  purple;  on  hands  and  lower  limbs  petechial  in  charac- 
ter; dark  spots  on  hands;  skin  distinctly  yellow. 

Red  blood  corpuscles 3,  672,  000 

Hemoglobin percent..  75 

Albumin  present  in  urine;  granular  and  epithelial  casts;  no  red 
cells.  Blood  taken  on  the  12th  day  of  the  disease  did  not  giye  positiye 
widal  reaction  with  typhosus  in  a dilution  of  1:20. 

Patient  died  May  12  at  5 a.  m.  At  6 a.  m.  was  remoyed  to  under- 
taking rooms,  surface  of  body  cleaned  and  sponged  with  embalm- 
ing fluid  (formaldehyde)..  Autopsy  at  2 p.  m.  b}"  Drs.  Anderson  and 
Wilson,  in  presence  of  Drs.  Mills,  Pixley,  Gwinn,  Spottswood,  and 
Olson. 

Body  that  of  a well-nourished  man.  Panniculus  adiposis  about 
normal.  Some  edema  about  ankles,  hands,  and  face.  Rigor  mortis 
not  intense.  Small  to  large  petechial  hemorrhages  coyering  body, 
somewhat  obscured  by  tan  on  face  and  hands,  and  by  thickened  skin 
of  hands  and  feet.  Petechial  spots  oyer  chest  and  abdomen  from  pin 
point  to  5 mm.  in  diameter.  Oyer  dependent  portions  of  elbows, 
thig’hs,  and  back  areas  are  largest,  being  from  1 to  3 cm.  in  diameter. 
Oyer  inner  aspect  of  arm  and  forearm  petechial  spots  are  yery  thick- 
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set.  but  not  coalescent.  The  epiderinis  over  the  scrotum  was  slouo’hecl 
» otf  from  area  about  2 to  5 cm.  in  diameter.  On  the  left  chest  3 cm. 
from  middle  line  and  just  above  the  left  biceps  were  two  small  recent 
scars.  (See  historv  of  tick  bite.) 

Post  mortem  lividitv  on  dependent  portions  of  skin  and  thig'hs. 
Entire  skin  deeply  jaundiced. 

Lungs:  There  was  no  adhesion  of  the  pleura.  Lungs  were  nor- 
malkc  inflated,  containing  no  consolidated  areas  except  a veiy  few 
points  resembling  emboli. 

Pericardium:  Xormal;  cavity  contained  about  two  ounces  of  fluid. 
Right  heart  half  filled  with  blood;  left  contracted.  Small  chicken-fat 
clots  in  auricles.  A few  small  hemorrhages  over  left  ventricle  near 
inter-ventricular  groove  under  the  pericardium.  Myocardium  some- 
what pale  and  flabby. 

Endocardium  apparently  normal. 

Spleen : Greatly  enlarged  (weight,  20  ounces)  one  hour  after  removal ; 
very  soft,  dark,  and  difliuent. 

Stomach:  Apparently  normal,  except  hydrostatic  congestion  over 
dorsal  surface  of  fundus. 

Small  intestine:  Empty  and  showing  no  inflammation  or  cong'estion 
except  h}"postatic.  Pe^’er's  patches  pale  and  not  congested. 

Mesenteric  and  retroperitoneal  glands  pale  and  not  enlarged. 

Liver:  Enlarged  (weight.  92^  ounces)  one  hour  after  removal.  Pale, 
fatty  in  appearance,  and  in  some  areas  outlined  by  engorged  bile 
ducts. 

Pancreas:  Normal  in  appearance,  except  enlargement  (weight  5 
ounces),  one  hour  after  removal. 

Kidnevs:  Enlarged.  Weight  of  left  10  ounces  one  hour  after 
removal.  Capsule  adherent;  minute  subcapsular  hemorrhages,  espe- 
cially over  greater  curvature.  On  section,  cortex  congested:  pyra- 
mids well  outlined.  Small  hemorrhages  about  1 mm.  in  diameter  in 
pelves. 

Bladder  wall:  Apparently  normal;  cavit}^  contained  about  1 ounces 
of  urine. 

Cultures  in  broth  and  on  Lotfler's  serum  were  made  from  pericardial 
fluid,  heart's  blood,  spleen  pulp,  lAer  and  kidney  substance.  Smear 
preparations  were  made  from  lung  substance,  heart  wall,  spleen  pulp, 
liver  and  kidne}"  substance,  and  red  marrow  of  rib.  Portions  of  skin, 
lung,  heart  wall,  spleen,  liver,  small  intestine  (including  Pe^^er’s 
patches),  pancreas,  and  kidneys  were  preserved  in  Zenker’s  fluid,  95 
per  cent  alcohol  and  10  per  cent  formalin.  Portions  of  rib  were  fixed 
in  picro-sulphuric  and  nitro-sulphuric  acid  solutions. 


3 


34 


Cultures. — After  forty-eight  hours  in  the  incubator  all  cultures 
remained  sterile,  except  one  from  the  liver  and  one  from  the  kidney. 
The  serum  culture  from  the  liver  developed  one  colony  of  a staphylo- 
coccus, which  remained  white  after  seventy-two  hours’  gTowth  (pre- 
sumably Staphylocvccus  pyogenes  alhus). 

On  the  serum  culture  from  the  kidney  there  developed  a few  colo- 
nies of  a small  bacillus  which  in  broth,  on  serum,  plain  agar,  and  in 
and  on  litmus  dextrose  agar  gave  the  appearance  and  the  reaction  of 
Bacillus  coli.  c. 

Case  121,  1903. 

Mrs.  L.  M.,  age  30,  born  in  Germany,  residence  near  Rock  Creek 
clubhouse.  (See  map,  p.  8.)  Mother  of  child  H.  M.,  case  107, 
1902. 

Had  not  been  away  from  home  since  October,  1902,  and  there  had 
been  no  visitors  at  the  house  since  last  fall;  husband  had  not  been  to 
Missoula  since  winter.  These  details  are  mentioned  to  show  the  iso- 
lation of  the  locality  and  the  impossibility  of  infection  from  the  Bitter 
Root  Valley. 

Two  months  pregnant.  Had  been  in  good  health  for  past  year  and 
spent  considerable  time  shooting  near  home  and  clubhouse  during  the 
spring.  All  the  members  of  family  had  been  frequently  bitten  by 
ticks  during  spring  of  1903.  As  soon  as  ticks  were  discovered  they 
were  removed  by  ammonia  or  whisky,  and  lately  by  applying  carbolic 
acid. 

On  May  3 a tick  was  removed  from  patient  over  left  breast  and 
another  over  left  scapula;  ammonia  only  was  used. 

On  May  10  she  complained  of  headache,  backache,  and  nausea:  went 
to  bed  for  a few  hours. 

May  11,  had  a distinct  chill,  followed  b}’  considerable  fever. 

May  12  and  13,  felt  better  in  morning  but  worse  in  evening. 

Ma}’  11,  confined  to  bed  and  Dr.  Parson  called,  but  he  was  unable 
to  go,  and  Dr.  Brown  went  on  the  loth.  He  found  the  patient  with 
temperature  of  103°,  pulse  120,  suffering  with  severe  pain  in  back 
and  limbs,  tongue  with  a heavy  white  coat;  nausea.  A few  small  red 
spots  were  noticed  on  ankles,  legs,  and  knees;  none  on  face  or  chest; 
few  on  anterior  aspect  of  wTists. 

May  16,  temperature  103°,  pulse  120,  spots  beginning  to  appear  on 
back  and  arms. 

May  17,  patient  brought  to  Missoula  and  placed  in  Dr.  Parson’s 
private  hospital.  Seen  at  S p.  m.  by  Drs.  Brown,  Wilson,  and  Ander- 
son. Temperature  102°,  pulse  126,  full  and  strong.  Headache, 
backache,  soreness  of  muscles  of  leo-s  and  arms.  Tongue  with  white 
coat  in  center  and  red  tip  and  edges.  Small  scattered  red  spots,  most 
plentiful  on  thighs  and  back,  none  on  face,  few  on  chest,  a A’ery  few 


Name,  Mrs.  M.;  case,  121;  age,  30;  disease,  tick  fever. 
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on  abdomen,  some  on  forearm,  wrists,  and  ankles;  all  disappear  readily 
on  pressure  and  return  quick!}"  when  pressure  is  removed. 

May  18,  seen  at  9 a.  m.  by  Drs.  Brown,  Wilson,  and  Anderson. 


Had  morphine  sulphate,  one-fourth  grain,  during  night.  Condition 
much  as  yesterday.  Spleen  enlarged  and  easily  palpable;  liver  not 
enlarged.  Spots  bright  red  in  color,  and  more  distinct  than  before; 
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no  increase  in  numbei.  Conjunctivae  injected.  No  Kopliks  spots. 
Fresh  blood  showed  few  amoeboid  oval  bodies  in  red  blood  cells. 
Count  gave — 

Red  blood  corpuscles 

Leucocytes 

Hemoglobin 

Dilferential  white  count  gave — 

Per  cent. 


Polymorx^honuclear  leucocytes 78.  7 

Large  mononuclear  leucocytes 10.  6 

Small  lymphocytes 9.  9 

Eosinopbiles 8 


4,380,000 

7, 000 

percent..  75 


Total 100.  0 

Ma}^  19,  seen  at  9 a.  m.  by  Drs.  Brown,  llMlson,  and  Anderson. 
Dull  aching  pains  in  head  and  back;  muscular  soreness  more  marked. 
Mind  clear,  slight  nausea,  constipated.  Spots  darker  in  color,  but  not 
increased  in  number;  disappear  slowly  on  pressure  and  return  slowly 
when  pressure  is  removed. 

Red  blood  corpuscles 4,  723,  OCO  (?) 

Leucocytes 10,  400 

Hemoglobin percent..  70 

Fresh  blood  shows  a few  intracorpuscular  organisms  of  the  single 
oval  form.  A preparation  stained  with  Wright's  stain,  followed  by 
Loffler’s  methylene  blue,  showed  a large  single  oval  parasite  in  a red 
cell. 

May  20,  visited  at  9 a.  m.  bv  Drs.  Anderson  and  Wilson.  Head- 
ache and  muscular  soreness  more  intense.  Complains  of  pain  in 
bones  and  joints.  Had  nose  bleed  during  the  night.  Conjunctivre 
congested  and  slightW  jaundiced.  Mind  clear. 


Red  blood  corpuscles 4,  452,  000 

Leucocytes 8,400 


Hemoglobin per  cent . . 66 

Not  as  many  organisms  found  in  fresh  blood.  No  albumin  or  casts 
in  urine. 

May  21,  seen  b}-  Drs.  Anderson  and  Brown.  Complains  of  ringing 
in  ears.  Headache  and  muscular  soreness.  Pulse  good  volume. 
Spleen  about  1 inch  below  lower  border  of  ribs.  Liver  slightly 
enlarged.  Spots  rather  brighter  in  color  than  }^esterday.  Blood 
examination  not  permitted.  No  albumin  or  casts  in  urine. 

May  22,  visited  at  9 a.  m.  by  Drs.  Brown,  Chowning,  and  Ander- 
son. Had  slept  fairly  well  during  night.  Felt  better.  Temperature 
lower.  Conjunctivse  more  congested  and  jaundiced.  Nosebleed  for 
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short  time  durino*  the  night.  Spots  brighter  in  color.  Pulse  good 
volume. 

Red  blood  corpuscle:? 

H emoglobin 

Xo  albumin  in  urine. 

Mav  23.  seen  at  9 a.  m.  by  Drs.  Brown  and  Anderson.  Says  she 
feels  much  better:  slept  well:  wants  to  eat.  Bowels  moved  naturally 
during  night.  Xo  pain  in  head  or  back.  Spots  bright,  but  still  do 
not  disappear  on  pressure.  Temperature  99^.  pulse  lod. 

Red  blood  corpuscles o.  772.  000 

Hemoglobin ]>er  cent . . 62 

Xo  albumin  in  urine. 

May  2d.  visited  at  9 a.  m.  by  Drs.  Brown.  Anderson,  and  Chown- 
ing.  Says  she  feels  all  right.  Spots  bright  red  and  a few  disappear 
slowly  on  pressure.  On  account  of  disappearance  of  tan  on  face  a 
few  were  noticed  there  for  the  first  time.  Conjunctiva?  still  jaundiced. 

May  25.  seen  at  9 a.  m.  by  Drs.  Brown  and  Anderson.  Says  she  is 
hungry:  feels  stronger:  slept  well.  Xormal  temperature  for  first 
time. 

Red  blood  corpuscles 4,  200,  000 

Hemoglobin per  cent. . 62 

Spots  beginning  to  fade.  Patient  was  visited  by  Drs.  Brown  and 
Anderson  until  Mav  30.  but  other  than  the  gradual  return  of  strength 
and  slow  disappearance  of  the  spots  and  jaundice,  nothing  was  noted. 

Xo  further  blood  examinations  were  permitted  after  the  25th.  Blood 
taken  on  the  seventh  and  twelfth  days  of  the  illness  did  not  give  posi- 
tive Midal  reaction  in  a dilution  of  1:20. 

Treatment:  On  admission  a cathartic  was  given  and  bowels  were 
kept  open  each  day  with  medicine  or  enema.  On  May  17  treatment 
was  given  of  calcium  sulphide,  and.  at  the  suggestion  of  Drs.  Anderson 
and  Wilson,  quinine  sulphate  (2.6  grams)  every  twenty-four  hours  was 
given  and  continued  until  recovery.  The  room  was  kept  dark  and 
warm  sponge  baths  given  about  three  times  daily.  These  seemed  to 
act  especially  well  in  relieving  the  congestion  of  the  skin  and  allaying 
restlessness,  and  after  each  bath  it  was  noted  that  the  spots  lost  their 
dark  appearance  and  became  much  brighter.  The  patient  was  allowed 
milk,  broths,  eggnogs,  and  occasionally  soft  toast. 


4.220,000 

per  cent . . 60 
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MORBID  ANATOMY. 

The  following  summary  of  the  post-mortem  appearances  of  the 
disease  are  based  on  the  findings  in  seven  cases  from  the  Bitter  Root 
Valley. 

Rigor  rnortis. — Usually  intense  and  appears  early. 

Skin. — Jaundiced,  sometimes  deeply.  One  or  more  wounds  appar- 

ently caused  by  tick  bites  usually  present.  The  skin  has  a marbled 
appearance,  well  shown  by  the  cut  on  page  23.  On  the  non-dependent 
parts  of  the  body  spots,  petechial  in  character,  from  bright  red  to 
dark  purple  in  color  and  from  1 to  3 cm.  in  diameter:  most  abundant 
on  wrists,  ankles,  arms,  and  back.  The  capillaries  are  congested; 
minute  extravasation  in  the  rete  extending  into  the  stratimi  mucosum. 

SServov-s  system. — The  cerebral  and  spinal  meninges  are  normal 
except  for  slight  hypostatic  congestion.  Xo  increase  in  fluid.  The 
brain  and  spinal  substance  normal. 

Respiratory  organs. — Pleurae  normal  and  do  not  contain  excess  of 
fluid.  Lungs  show  hypostatic  congestion:  occasionally  pneumonia. 

Circidatory  system. — ^Pericardium  normal.  A few  small  petechial 
hemorrhages  under  the  epicardium  over  left  ventricle  were  constantly 
found.  The  heart  muscle  is  flabby,  softened,  and  pale.  Right  heart 
full  of  blood:  left,  contracted  and  empty.  The  nuclei  are  faintly 
stained:  libers  granular  and  fragmented. 

Digestive  organs. — Stomach  normal.  Small  and  large  intestines 
normal  in  appearance  throughout:  Peyer's  patches  rather  pale  in  color, 
^lesenteric  and  retroperitoneal  glands  not  enlarged.  Spleen  iisaally 
dark  purple  in  color,  soft,  diffluent,  and  from  three  to  four  times  its 
normal  weio-ht:  vessels  engoro-ed  with  blood:  manv  mononuclear  leu- 
oocytes  containing  from  one  to  four  red  corpuscles:  no  free  pigment. 
Liver  enlarged,  fatty,  and  in  portions  areas  outlined  by  bile  pigment; 
sections  usually  show  an  advanced  degree  of  fatty  infiltration:  bile 
capillaries  full.  Pancreas  about' twice  its  normal  weight. 

Kidneys. — Enlarged:  capsule  usually  not  adherent.  Small  subcap- 
sular  hemorrhages  on  ventral  surface.  On  section,  congested  and 
swollen  cortex:  pyramids  well  outlined  and  deep  red  color.  Small 
hemorrhages  in  pelvis.  Microscopically  there  are  minute  extravasa- 
tions of  blood  in  cortex  and  under  the  capsule:  veins  filled  with  blood. 
Nuclei  of  the  convoluted  tubules  stain  poorly:  cells  granular  and  in 
some  places  detached:  newly  formed  casts  in  tubules.  Bladder  normal 
and  usually  with  small  amount  of  dark  urine. 

PROGNOSIS. 

Of  121  cases  which  have  occurred  in  or  near  the  Bitter  Root  Valley. 
81  died,  giving  a case  mortality,. of  about  70  per  cent.'  The  mortality 
varies  within  narrow  limits  from  vear  to  vear.  some  vears  as  manv  as 
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90  per  cent  of  those  attacked  dying.  The  cases  which  have  occurred 
near  Bridg’er,  Mont.,  show  about  the  same  mortality.  Death  usually 
occurs  between  the  sixth  and  the  twelfth  day.  The  abundance  of  the 
eruption  apparent^  bears  no  relation  to  the  seyerity  of  the  disease. 
The  disease  in  Neyada  and  Idaho  is  not  nearly  as  fatal  as  in  Montana. 
Dr.  Maxey  says  of  the  Idaho  cases: 

The  prognosis  in  spotted  fever  is,  as  a rule,  very  favorable  if  the  patient  is  trans- 
ferred to  the  lower  valleys  where  he  can  have  home  comforts  and  proper  care.  The 
disease  seems  to  he  more  malignant  in  some  localities  than  it  is  in  others,  and  in  one 
year  than  in  another. 

DIAGNOSIS. 

Cases  occurring  in  the  infected  localities  and  presenting  a histoiy  of 
tick  bites,  chill,  pain  in  head  and  back,  muscular  soreness,  constipation, 
macular  eruption,  first  on  the  wrists  and  ankles,  appearing’  on  the 
third  da}"  of  illness,  becoming  petechial  in  character,  do  not  present 
much  difficulty  in  diagnosing  spotted  (tick)  feyer.  A blood  examina- 
tion should  be  made  in  all  suspicious  cases.  There  are  fiye  diseases 
which  might  cause  some  difficulty  in  difi'erentiating  them  from  spotted 
fever. 

DEXGUE. 

This  is  a disease  of  tropical  and  subtropical  countries,  whereas  spot- 
ted fever  occurs  at  an  elevation  of  from  3,000  to  1,000  feet  above  sea 
level.  The  swollen  joints,  pleomorphic  eruption  over  the  joints, 
never  petechial,  apyretic  period,  and  short  course  of  the  disease  would 
differentiate  it  from  spotted  fever. 

CEEEBRO-SPIXAL  MENINGITIS. 

The  stiffness  of  the  muscles  of  the  neck,  photophobia,  sensitiveness 
to  sudden  noises,  headache,  and  rigidity  of  the  muscles  of  the  back 
and  neck,  with  the  not  altogether  constant  irregular!}"  situated  rash, 
should  not  cause  much  trouble. 

PEIJOSIS  RHEUMATICA. 

In  this  disease  the  sore  throat,  multiple  arthritis  with  purpura  and 
urticaria,  and  comparative  rarit}"  of  the  disease,  offer  a sufficiently 
distinct  clinical  picture. 

TYPHOID  FEVER. 

Clinically  this  disease  closely  resembles  spotted  fever,  but  the  rose 
spots  appearing  first  on  the  abdomen — papular  in  character — diarrhea, 
lYidal  reaction,  and  presence  of  the  typhoid  bacilli  in  cultures  from 
the  blood  of  typhoid  fever,  and  the  presence  of  parasites  in  the  red 
blood  cells  of  spotted  fever,  suffice  to  separate  distinctly  the  two 
diseases.  ~ 
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TYPHUS  FETEP. 

Spotted  (tick)  fever.  I think,  more  closely  resembles  typhus  fever  than 
any  other  disease,  and  cases  of  typhus  fever  occurring  in  a locality  in 
which  spotted  fever  prevails  would,  without  a blood  examination  and 
close  bedside  observation,  cause  much  trouble  in  diagnosis.  In  typhus 
we  have  the  longer  period  of  incubation,  absence  of  a history  of  tick 
bites,  the  eruption  which  first  appears  on  the  abdomen  and  chest,  its 
intensely  contagious  character,  especially  prevalent  in  the  winter 
months,  not  limited  to  a short  time  in  the  spring,  and  marked  nervous 
symptoms.  As  before  mentioned,  two  cases  of  /spotted  fever  have 
never  been  known  to  occur  in  the  same  family  the  same  season,  thus 
conclusive! V showing  the  noncontagious  character  of  the  disease. 

TREATMENT. 

Until  the  past  season  the  treatment  of  the  disease  has  been  purely 
symptomatic,  but  after  the  discovery  of  the  parasite  Dr.  Wilson  and 
the  writer  suggested  the  use  of  quinine  in  large  doses,  preferably 
hypodermatically.  In  five  cases  in  which  it  was  used  systematically 
and  in  large  doses  the  results  were  most  happy,  all  recovering.  Five 
cases  which  did  not  have  the  treatment  died.  Of  course,  10  cases  is 
too  small  a number  on  which  to  base  A'ery  positive  conclusions,  but  I 
hope  that  the  use  of  quinine  will  be  followed  in  the  future  treatment 
of  the  disease. 

Quinine  bimuriate,  1 gram,  should  be  given  hypodermatically  every 
six  hours.  If  there  is  great  objection  to  the  use  of  the  needle,  the 
sulphate,  1 gram,  every  four  hours  may  be  given  by  mouth:  but  the 
irritable  condition  of  the  stomach  at  times  may  prevent.  The  use  of 
quinine  should  be  begun  as  soon  as  the  diagnosis  is  made  and  persisted 
with  in  decreasing  doses  as  convalescence  begins. 

Some  of  the  valley  physicians  seemed  to  fear  that  quinine  depressed 
the  heart  and  caused  nervous  symptoms:  but  I am  of  the  opinion  that 
the  great  good  the  drug  does  more  than  counterbalances  these  effects. 
I strongly  advise  the  early  and  continuous  use  of  large  doses  of 
quinine. 

Some  physicians  speak  well  of  calcium  sulphide,  and  others  of 
creosote. 

The  heart  should  be  supported  with  strychnine,  whisky,  or  other 
appropriate  cardiac  stimulants. 

For  the  severe  pain  in  the  head  and  back  during  the  first -week 
Dover's  powders  or  morphine  sulphate  may  be  used.  The  patient 
should  be  encouraged  to  drink  large  quantities  of  water  to  fiush  out 
the  kidneys.  For  the  fever,  warm  sponge  baths  or  packs  are  useful 
and  refreshing  to  the  patient.  After  a bath  the  spots  lose  their  dark 
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color  and  become  much  brighter-  The  room  should  be  kept  dark  and 
as  free  from  noise  as  possible. 

Milk,  buttermilk,  broths,  soft  eggs,  and  soft  toast  ma^^  all  be 
allowed.  The  whisk}^  may  be  administered  in  an  eggnog. 

As  soon  as  a person  is  bitten  by  a tick  the  insect  should  be  removed 
and  the  place  cauterized  with  95-  per  cent  carbolic  acid.  There  is 
sometimes  difficult}^  in  removing  the  tick;  but  by  applying  ammonia, 
turpentine,  kerosene,  or  carbolized  vaseline  it  can  usually  be  detached 
without  trouble. 

The  disease,  considered  from  a public-health  standpoint,  is  of  much 
greater  importance  than  was  thought  until  recently.  On  account  of 
its  high  mortalit}"  in  the  Bitter  Root  district  attention  has  been 
focused  there,  but  on  investigation  the  disease  was  found  to  be  spread 
over  a large  area.  The  mortality,  for  some  unknown  reason,  is  greatl}" 
higher  in  Montana  than  in  the  other  States.  The  disease  is  not  much 
dreaded  in  Idaho  or  in  Nevada,  but  the  terror  it  excites  in  the  Bitter 
Root  Valley  is  great.  If,  as  seems  veiy  probable  and  almost  proved, 
the  tick  is  the  means  by  which  the  disease  is  spread,  the  question  of 
the  prevention  of  the  disease  resolves  itself  into  the  destruction  of  the 
ticks.  This  is  an  almost  impossible  task  over  such  a large  area, 
especiall}"  of  such  varied  topography.  When  conditions  will  permit, 
burning  the  undergrowth  and  stubble  will  be  an  effective  method  for 
the  destruction  of  ticks.  This  ma}"  be  done  either  in  the  early  fall  or 
preferably  in  the  earl}"  spring,  when  the  ticks  are  just  beginning  to 
move  about. 


PLATE  I. 


Prawn  with  Abbe  drawing  camera.  Stained  with  Wright’s  stain,  followed  by 

Loeffler’s  blue.  X ”50. 

Fig.  1.  Small  form  of  the  parasite  found  in  one  field. 

Fig.  2.  The  same,  another  field. 

Fig.  3.  Showing  parasite  with  central  stained  sjiot  surrounded  by  vacuaole. 
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PLATE  11. 

Fresh  bloo<l  drawn  with  Abbe  drawing  camera. 

Figs.  4 and  5.  Small  form  of  the  parasite.  X t>65. 

Fig.  6.  Large  form.  X 665. 

Figs.  7 and  8.  Single  form  of  the  parasite.  X 1,000. 

Fig.  9.  Double  form  of  the  parasite.  X 1,000. 

Fig.  10.  One  field  showing  two  infected  corpuscles.  X 665. 

Fig.  11.  One  field  showing  a corpuscle  with  a large  and  small  parasite.  X 1,000. 
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APPENDIX. 


A REPORT  OF  TWO  CASES  OF  “SPOTTED  FEVER.” 

By  Dr.  G.  A.  Gates, 

Bridger,  Mont. 

CASE  I. 

On  May  29,  1898,  I was  called  to  see  L.  M.,  at  Thermopolis,  Wyo. 
Patient  was  a male,  white,  aged  23  years,  sandy  or  red  hair,  rather 
spare  built;  had  come  from  Iowa  about  three  months  previous  to 
present  attack.  He  became  ill  while  traveling  overland  from  Lander 
to  Thermopolis,  Wyo.  Having  camped  out  several  nights  during  the 
journe}^  on  one  or  two  occasions  his  bedding  became  thoroughly  wet 
from  the  heavy  rains  of  that  season. 

When  first  seen  patient’s  face  was  deeplv"  flushed,  eyes  bright,  skin 
hot  and  dry,  with  a beginning  petechia  on  the  forehead,  back  of  hands, 
wrists,  and  ankles.  Headache,  thirst,  slightly  sore  throat,  and  a sore- 
ness of  muscles  and  aching  throughout  the  bodv^  were  complained  of 
by  the  patient.  Temperature  104^  F.,  pulse  120,  urine  highly  col- 
ored, no  albumin.  Complete  loss  of  appetite ; no  other  gastro-intestinal 
symptoms. 

Patient  was  given  small  doses  of  aconite  and  spirit  of  nitrous  ether 
and  small  doses  of  alcohol  until  fever  was  reduced  and  bowels  moved 
freely. 

This  was  followed  by  a prescription  containing  salol,  hj^drate  of 
chloral,  with  soda  bicarbonate,  caffein  citrate,  and  pepsin,  combined 
in  a powder  and  given  every  four  or  six  hours.  Patient  was  sponged 
with  cool  or  cold  water,  as  needed  for  high  temperature,  and  placed  on 
a diet  of  milk,  gruel,  raw  eggs,  and  whisk}\ 

The  fever  ran  an  irregular  course,  with  great  A^ariation,  reaching  at 
times  a temperature  of  101.5°  F.  and  again  sinking  to  97°  F.  This  low 
temperature  was  observed  during  the  last  of  the  first  Aveek  of  the 
disease,  at  which  time  patient  was  in  a state  of  collapse,  being  almost 
pulseless  and  having  a hard  chill  at  the  time. 

Slight  albuminuria  appeared  during  the  second  Aveek. 

Delirium  was  A^ery  slight;  patient  could  be  aroused  at  aiiA"  time. 

Fever  gradually  subsided  after  eighteen  days. 
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The  petechite  increased  in  size  and  number  very  rapidly  during’  the 
first  two  weeks,  forming  large,  irregularly  shaped  spots  from  the  size 
of  a little  finger  nail  to  spots  one-half  b}"  one-half  inch  in  size.  These 
spots  darkened  in  color,  becoming  bluish,  with  a surrounding’  yellow 
tinge.  The  spots  were  slow  in  disappearing,  some  traces  of  them 
being  visible  seven  months  after  recovery. 

CASE  8. 

Mrs.  H.,  white,  aged  67  years,  was  bitten  by  a tick  May  4 and  8, 
the  tick  being  removed  from  the  left  thigh  on  Ma}"  8,  1903.  The  spe- 
cies of  ticks  to  which  this  one  belonged  is  said  to  have  been  brought 
to  this  section  of  country  b}^  sheep  from  Bozeman  or  vicinity.  This 
tick  is  recognized  b}^  having  a gra^fish  or  whitish  spot  on  the  back  of 
the  head.  The  tick  which  bit  patient  came  from  near  the  mouth  of  Dr}^ 
Creek,  on  the  west  side  of  the  Clarke  Fork  River,  7 miles  south  of 
Bridger. 

Patient  first  complained  of  feeling  ill  on  Ma}^  9.  She  complained  of 
headache,  tired  feeling,  general  soreness  of  the  muscles,  and  loss  of 
appetite. 

I saw  patient  first  May  11.  Temperature  103,  pulse  104,  cheeks 
flushed,  tongue  white  coat  on  sides,  rather  dry.  Quite  severe  headache 
and  tired  feeling  were  the  only  subjective  S}’mptoms.  Urine  dark; 
on  examination  showed  slight  amount  of  albumin  and  some  hyaline 
and  granular  blood  casts  and  numerous  bacteria;  the  quantity  for  fol- 
lowing twent3"-four  hours  was  32  ounces;  the  quantitj"  gradually 
diminished  from  this  time  until  two  days  before  death,  Avhen  there 
was  complete  anuria.  Red  and  white  blood  cells,  with  an  enormous 
number  of  granular,  blood,  and  epithelial  casts,  were  present  in  last 
samples  of  urine  obtained. 

During  the  12th  and  13th  temperature  varied  from  101  to  103. 5 F. 
On  the  14th  it  rose  to  104.4,  slowly  dropping  to  101  on  the  morning 
of  the  17th,  where  it  remained  until  death. 

Food  and  medicine  were  taken  well  until  the  last  thirtv-six  hours. 
Vomiting  occurred  once.  A number  of  watery  evacuations  were  pro- 
duced by  the  action  of  elaterium. 

Rectal  and  subcutaneous  injections  of  normal  saline  solution  were 
given.  The  combined  use  of  the  above  and  hot  packs,  together  with 
hot  elder  water  and  liquor  ammonii  acetatis  internally,  produced  only 
slight  diaphoresis,  and  that  mostly  about  the  head. 

On  the  15th  petechial  eruption  began  to  make  its  appearance  upon 
the  buttocks,  back,  and  thighs.  These  increased  in  number  and  size 
until  every  portion  of  the  body  was  covered,  though  but  little  show- 
ing on  the  face.  They  seemed  to  be  subcutaneous  or  intracutaneous 
extravasations  of  blood,“rapidly  darkening  in  color. 
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There  seemed  to  he  a profound  impression  on  the  nervous  system 
from  the  very  first  symptoms  of  the  disease.  Muttering  delirium,  and 
a semicomatose  condition,  from  which  the  patient  could  he  roused  only 
with  much  effort,  were  early  and  prominent  symptoms. 

Kespiration  varied  from  30  to  dO  per  minute  throughout  the  course 
of  the  disease  and  continued  until  after  all  signs  of  heart  action  had 
ceased. 

Highest  pulse  rate  observed  was  186  per  minute. 

Patient  died  on  the  morning  of  Mav  19  about  1 a.  m. 

This  case  was  also  seen  by  Dr.  Johnson,  of  this  place,  and  Dr.  Lutz, 
of  Red  Lodge,  in  consultation  with  me. 


0 


TREASURY  DEPARTMENT. 

Public  Health  and  Marine-Hospital  Service  of  the  United  States. 

Walter  Wyman,  Surgeon-General. 


HYGIENIC  LABORATORY.— BULLETIN  No.  15. 

jVI.  J.  R0SE]S[.A.ILJ.  Director. 

July,  1903. 


INEFFICIENCY  OF  FERROUS  SULPHATE 
AS  AN  ANTISEPTIC  AND 
GERMICIDE. 

BY 

A.LLAS.1N  J.  lytcLAUTGITLIN. 


WASHINGTON: 

GOVERNMENT  PRINTING  OFFICE. 


1903. 


ORGANIZATION  OF  HYGIENIC  LABORATORY. 


Walter  Wataiax,  Surgeon-General, 

United  States  Public  Health  and  Marine- Hospital  Service. 

ADA’ISORY  BOARD. 

Major  Walter  D.  McCaw,  Surgeon  U.  S.  Army;  Surgeon  John  F.  Urie,  F".  S.  Xavv; 
Dr.  D.  E.  Salmon,  Chief  of  U.  S.  Bureau  of  Animal  Industry;  and  Milton  J.  Eosenau, 
U.  S.  Public  Health  and  Marine-Hospital  Service,  ex  officio. 

Prof.  lYilliam  H.  Welch,  Prof.  Simon  Flexner,  Prof.  Victor  C.  Vaughan,  Prof. 
William  T.  SedgAA'ick,  and  Prof.  Frank  F.  IVesbrook. 

LABORATORY  CORPS. 

Director. — Passed  Assistant  Surgeon  Milton  J.  Rosenau. 

Assistant  director. — Passed  Assistant  Surgeon  John  F.  Anderson. 

Pharmacist. — M.  H.  Watters,  Ph.  G. 

DIAUSIOX  OF  PATHOLOGY  AXD  BACTERIOLOGY. 

Chief  of  dirision. — Passed  Assistant  Surgeon  Milton  J.  Rosenau. 

Assistants. — Passed  Assistant  Surgeon  John  F.  Anderson,  and  Assistant  Surgeons 
Thomas  B.  3IcClintic  and  Clarence  AV.  Wille. 

DIAUSIOX  OF  ZOOLOGY'. 

Chief  of  division.— Ch.  AVardell  Stiles,  Ph.  D. 

Assistants. — Philip  E.  Garrison,  A.  B. ; David  G.  AA^illets,  Ph.  B.;  Arthur  L.  Murray, 
AATlliam  F.  Hemler. 


2 


IXEFFICIEXCY  OF  FERROUS  SULPHATE  AS  AX  AXTISEPTIC  AND  GERMICIDE. 


By  Allan  J.  McLaughlin, 

Assistant  Surgeon,  Public  Health  and  Marine- Hospital  Service. 

Ferrous  sulphate,  green  sulphate  of  iron,  green  vitriol,  or  copperas, 
are  the  various  names  of  a chemical  substance  that  has  long  been 
used  extensively  for  the  disinfection  of  animal  excreta.  It  has  been 
popular  among  the  lait}"  because  of  its  cheapness  and  ease  of  appli- 
cation as  a disinfectant  and  deodorant  for  privy  vaults,  etc.  It  has 
official  recognition  in  the  French  army  as  a disinfectant  for  latrines. 
The  literature  upon  the  subject  is  scanty  and  in  some  instances 
contradictory. 

Chevalier  reviewed  a paper  by  Schattenman,  read  before  the  Paris 
Academy  of  Sciences  in  1816,  in  which  Schattenman  set  forth  that  2 
or  3 kilograms  of  ferrous  sulphate  were  necessary  to  disinfect  100 
liters  of  fecal  matter.  He  laid  stress  on  the  fact  that  an  intimate 
mixture  must  be  made  of  the  fecal  matter  and  ferrous  sulphate 
solution. 

Koch  found  that  a 5 per  cent  solution  failed  to  destroy  anthrax 
spores  in  six  daysi 

Miquel  classes  ferrous  sulphate  as  a moderateh"  antiseptic  substance. 
A proportion  of  1:90  was  required  to  restrain  putrefaction. 

Rideal  says: 

The  sulphates  are  not  perceptibly  antiseptic.  Those  of  iron,  mercury,  and  some 
other  metals  depend  for  their  power  on  the  amount  of  the  base  present,  and  not  on 
the  acid. 

Berget"  sa^^s: 

It  [ferrous  sulphate]  is  not  a strong  disinfectant,  but  it  is  serviceable  as  a deodor- 
ant. It  should  be  used  in  the  proportion  of  1 kilogram  (dissolved  in  10  liters  of 
water  ) to  a cubic  meter  of  the  contents  of  the  vault. 

Munson  says: 

The  properties  of  ferrous  sulphate  which  render  it  useful  for  purposes  of  disin- 
fection depend  upon  its  tendency  to  appropriate  oxygen  and  so  become  converted 
into  the  ferric  sulphate.  These  qualities,  however,  must  be  considered  as  antiseptic 
rather  than  disinfectant,  since,  according  to  Laveran,  the  addition  of  even  5 or  6 
per  cent  of  the  salt  to  fecal  matter  is  unable  uniformly  to  affect  the  sterilization  of 
the  latter.  Sulphate  of  iron  is  used  only  in  solution,  the  amount  of  the  iron  salt  to 
be  daily  employed  depending  upon  the  estimated  increment  of  the  fresh  fecal  matter 
rather  than  upon  any  particular  strength  of  the  solution.  Should  the  contents  of  the 
latrine  be  semifluid,  the  solution  of  sulphate  of  iron  may  with  advantage  be  made 
up  with  but  a small  proportion  of  water,  since  for  efficiency  a high  proportion  of 
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ferrous  sulphate^  should  be  brought  into  direct  contact  with  the  excreta.  In  practice, 
a proportion  of  five  parts  of  the  iron  salt  in  each  hundred  of  the  total  contents  of  the 
latrine  vault  should  be  considered  as  essential  to  efficiency.  In  the  French  army 
ferrous  sulphate  is  much  used  for  the  disinfection  of  latrines  in  a 10  per  cent  solution. 
It  is  officially  laid  down  that  at  least  250  c.  c.  of  such  a solution  should  be  used  per 
day  for  each  person  using  the  latrine. 

Sternberg  found  that  a solution  of  20  per  cent  failed  to  destroy 
micrococci  and  putrefactive  bacteria  (1883).  Later  he  found  that  10 
per  cent  failed  to  kill  pus  cocci,  but  was  fatal  to  micrococcus  tetrag- 
euous — two  hours’  exposure.  He  also  found  that  1:  200  prevented  the 
development  of  micrococci  and  of  putrefactive  bacteria  in  bouillon 
placed  in  the  incubator  for  forty-eight  hours. 

Jager  ^ found  that  a solution  of  1:  3 destroyed  the  infective  virulence 

c/' 

of  some  pathogenic  organisms  (fowl  cholera,  rothlauf,  glanders),  as 
tested  by  injection  into  mice,  but  failed  to  kill  anthrax  spores  and 
tubercle  bacilli. 

Leitz®  found  that  a 5 per  cent  solution  required  three  days’  exposure 
for  the  destruction  of  the  typhoid  bacillus. 

In  a series  of  experiments  bearing  upon  the  disinfection  of  feces, 
Foote  mixed  decomposing  urine  with  feces,  1 part  feces  to  two-thirds 
of  its  bulk  of  urine.  Five  hundred  c.  c.  of  the  disinfectant  mixture 
(ferrous  sulphate  1 xviii,  water  1 gallon)  was  added  to  250  c.  c.  of 
the  feces-urine  mixture  and  the  two  thoroughly  mixed.  Inoculations 
of  one  platinum  loopful  were  made  from  the  mixture  into  gelatin  and 
bouillon  after  one  hour,  four  hours,  and  fort}"-eight  hours  of  action. 
The  sulphate  of  iron  solution  had  little  if  any  effect.  Even  after 
forty-eight  hours’  action  the  colonies  upon  the  gelatin  plates  were 
innumerable  and  a profuse  growth  appeared  in  the  bouillon  tubes. 

In  order  to  ascertain  the  antiseptic  and  disinfectant  value  of  ferrous 
sulphate  a number  of  experiments  were  carried  out  with  the  results 
shown  in  the  following  tables: 


ANTISEPTIC  POWER  OF  FERROUS  SULPHATE. 

Table  I. 

Bouillon  with  the  addition  of  ferrous  sulphate  in  various  j^ercentages  contaminated 
by  the  addition  of  a small  quantity  of  garden  earth.  Kept  at  room  temperature. 


Proportion  of  fer- 
rous sulphate. 

First  day. 

Second  day. 

Third  day. 

Tenth  day. 

Twenty-first 

day. 

1:200  

Vervfoul  odor 

Foul  odor. 
Xo  odor. 
Do. 

Do. 

Do. 

1 : 150 

do 

1-100 

do 

1 : 50 

Foul  odor 

Very  foul  odor 
Xo  odor 

1:40 

Xo  odor 

Foul  odor 

1 : 30 

do 

do 

do 

1 ; 25 

do 

Xo  odor 

Faint  odor 

Xo  odor 

1 : 20 

do 

do 

do 

1 : 15 

do 

do 

do 

1.10 

do 

do  .r 

do 

do 

1.5 

do 

do 

do 

« Cited  by  Sternberg. 
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Table  II. 

Bouillon  with  the  addition  of  ferrous  sulphate  in  various  percentages  contaminated 
by  the  addition  of  a small  quantity  of  garden  earth.  Kept  in  the  incubator. 


Proportion  of  fer- 
rous sulphate. 

First  day. 

Second  day.- 

Third  day. 

Fifth  day. 

Fourteenth 

day. 

1 : 200  

Yerv  foul  odor 

No  odor. 

1 

1 : 150 

Foul  odor 

1 : 100 

do 

1 :50 

No  odor 

Foul  odor 

1:35 

do 

do 

1:30 

do 

do 

1:28 

do 

No  odor 

Foul  odor 

1 : 25 

do 

do 

No  odor 

Foul  odor 

do 

1 : 23 

do 

do 

do 

1 : 20 

do 

do 

do No  odor 

GERWICIDAL  ACTION  OF  FERROUS  SULPHATE. 


Forty-eight  hour  bouillon  cultures  of  B.  typhosus,  B.  coli  communis,  B.  pyocyaneus, 
vibrio  cholera  Asiat.,  strong  aqueous  suspensions  from  forty-eight  hour  cultures  on 
agar  of  B.  anthracis,  B.  subtilis,  Staphyl.  pyog.  aureus  and  albus,  and  a strong  sus- 
liension  of  a forty-eight  hour  growth  of  B.  diphtheria  on  blood  serum  were  used  to 
contaminate  slips  of  filter  paper,  silk  threads,  and  glass  cover  slips.  After  being  con- 
taminated by  the  culture  the  paper  slips,  silk  thread  and  cover  slips  were  placed  in 
the  incubator  until  they  were  almost  dry  (in  the  case  of  anthrax  and  subtilis  they 
were  allowed  to  dry  completely),  then  the  disinfecting  agent  was  applied  for  definite 
periods,  its  action  stopped  by  careful  washing  in  sterile  water,  the  slips  and  threads 
planted  in  bouillon  and  placed  in  the  incubator  for  forty-eight  hours. 


Table  III. — Infected  material,  filter  paper. 


Result  after  application  of  sat.  sol.  of  ferrous  sulphate. 


ui^uuisiii  eiiipiuN  eu. 

o'  minutes. 

10  minutes. 

20  minutes. 

30  minutes. 

45  minutes. 

60  minutes. 

B.  anthracis 

"T 

+ 

+ 

-K 

B.  subtilis 

-f 

-j- 

+ 

H- 

4_ 

+ 

B. tvphosus 

_U 

-f- 

+ 

— 

B.  coli  communis 

— 

\ 

“T 

-f 

+ 

B.  pvocvaneus ^ . 

-f 

■ + 

"V 

4 

Vib.  cholera  Asiat 

_L 

4- 

4" 

B.  diphtheria 

-r 

-1- 

-h 

4- 

-f 

-f 

Staphyl.  pvog.  aureus 

-4- 

-f 

+ 

4" 

Staph Vl.  epider.  albus 

-1- 

"T 

4“ 

4 

-i- 

+ 

Table  IV. — Infected  material,  silk  threads. 


Organism  employed. 

Result  after  application  of  saturated  solution  of  ferrous  sulphate. 

5 minutes. 

10  minutes. 

20  minutes. 

30  minutes. 

45  minutes. 

60  minutes. 

B.  anthracis 

U- 

4- 

4“ 

4- 

-+ 

4- 

B.  subtilis 

4“ 

4- 

4- 

4“ 

+ 

4_ 

B. tvphosus 

4- 

4- 

4- 

4- 

4- 

B.  coli  communis 

4- 

4- 

A- 

4" 

4“ 

B.  pvocvaneus 

4- 

4- 

-f 

4- 

+ 

4- 

B.  diphtherise 

4" 

4- 

4- 

4- 

4- 

+ 

Vibrio  cholera  Asiat 

4- 

4- 

+ 

4- 

4- 

4* 

Staphyl.  pyogenes  aureus 

+ 

-4 

4- 

4- 

_1_ 

4- 

Staphvl.  epider,  albus 

-h 

4- 

■■  + 

4- 

4- 
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Table  V. — Infected  material,  glass  cover  slips. 


Result  after  application  of  saturated  solution  of  ferrous  sulphate. 


Organism  employed. 

5 minutes. 

10  minutes. 

20  minutes. 

30  minutes. 

45  minutes. 

60  minutes. 

B.  anthracis 

I 

“T 

+ 

+ 

B.  subtilis 

-i- 

+ 

~V 

B.  tvphosus 

— 

4. 

T 

— 

B.  coli  communis 

+ 

-y 

_L- 

_L 

B. pvocvaneus  

-t- 

-\r 

-r 

B.  diphtherise 

_u 

4- 

+ 

4- 

Vibrio  cholera  Asiat 

-r 

_I_ 

— 

Staphyl.  pyogenes  aureus 

-f- 

+ 

4- 

“T 

Staphyl.  epider.  alhus 

4- 

Some  of  the  pathogenic  organisms  tested  (V.  cholerae  and  B.  typho- 
sus) did  not  grow  after  one  hour  exposure  to  the  iron  solution;  but  in 
the  following  experiments  upon  feces  it  will  be  seen  that  Y.  cholera 
was  recovered  from  feces  after  forty-eight  hours  exposure  to  a 
saturated  solution.  In  the  experiments  upon  feces  the  saturated 
solution  of  ferrous  sulphate  constituted  twice  the  bulk  of  the  feces 
and  was  intimately  mixed  with  it.  and  all  lumps  broken  up  to  make  as 
nearly  as  possible  a homogeneous  mixture. 

Table  VI. 

Twenty-five  grams  of  feces  thoroughly  mixed  with  twice  its  bulk  (50  c.  c.)  of  a 
saturated  solution  of  ferrous  sulphate.  At  definite  intervals  a platinum  wire  loopful 
was  planted  in  bouillon  and  placed  in  the  incubator  twenty-four  hours,  with  the 
results  given  below. 


5 minutes 
10  minutes 
20  minutes 
30  minutes 
40  minutes 
50  minutes 

1 hour 

2 hours  . . 
18  hours  . . 
24  hours  . . 
48  hours  . . . 
72  hours  . . 


Time  of  exposure  to  iron  solution. 


Result. 


Good  growth. 


Do. 

Do. 

Do.  . 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do. 


Do. 


Table  VII. 

Twenty-five  grams  feces  thinned  by  the  addition  of  10  c.  c.  bouillon  culture  of 
pyocyaneus  and  thoroughly  mixed  with  twice  its  bulk  of  a saturated  solution  of 
ferrous  sulphate.  A platinum  wire  loopful  of  the  mixture  was  planted  at  definite 
intervals  in  bouillon  and  placed  in  the  incubator  for  twenty-four  hours,  with  the 
result  indicated  below. 


Time  of  exposure  to  iron  solution.  Result. 


1 hour . 

2 hours 

3 hours 

4 hours 

5 hours 

6 hours 
24  hours 
48  hours 
72  hours 


Good  growth.  B.  pvocvaneus  recovered. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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Table  VIII. 

A mixture  of  feces,  thinned  by  the  addition  of  10  c.  c.  of  a twenty-four-hour 
bouillon  culture  of  Vibrio  cholerae  Asiat.  and  mixed  with  twice  its  bulk  of  a satu- 
rated solution  of  fer-rous  sulphate,  was  tested  at  stated  intervals  by  taking  out  a 
platinum  wire  loopful  and  planting  in  bouillon.  The  results  are  indicated  below. 


Time  of  exposure  to  iron  solution. 

Result. 

6 hours 

24  hours 

Good  growth. 
Do. 

V.  choleree  recovered. 

26  hours 

Do. 

28  hours 

Do. 

30  hours 

Do. 

48  hours 

Do. 

Sulphate  of  iron  does  not  show  any  restraining  influence  over  the 
development  of  putrefactive  changes  unless  it  constitutes  more  than  2 
per  cent  of  the  mixture.  It  does  not  permanently  restrain  the  devel- 
opment of  putrefactive  changes  unless  it  constitutes  at  least  5 per  cent 
of  the  mixture. 

As  a germicide  it  has  little  or  no  action,  even  when  applied  under 
the  most  favorable  conditions  for  disinfection.  Where  the  material 
to  be  disinfected  was  flooded  with  the  agent  in  saturated  solution,  in 
nearl}"  all  experiments,  its  action  was  not  apparent,  and  it  failed  to 
disinfect  under  such  favorable  conditions  seven  different  varieties 
of  pathogenic  organisms  out  of  nine,  after  an  exposure  of  one  hour  to 
a saturated  solution. 

Tested  upon  feces  it  failed  to  disinfect  after  three  days,  although 
intimately  mixed  with  the  feces,  and  when  it  was  applied  in  saturated 
solution,  and  in  double  the  bulk  of  the  material  to  be  disinfected. 

It  seems  therefore  that  copperas  or  sulphate  of  iron  is  of  no  real 
value  as  a disinfectant.  The  strongest  solution  has  either  no  disin- 
fectant  action  at  all,  or  its  disinfectant  action  is  so  slow  and  uncertain 
that  its  demonstration  might  be  a matter  of  interest,  but  certainly 
could  not  be  of  practical  value. 
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THE  ANTISEPTIC  AND  GERMICIDAL  PROPERTIES  OF 

GLYCERIN. 


By  Milton  J.  Rosenau,  Director  Hygienic  Laboratory,  Public  Health  and  Marine- 

Hospital  Service. 


INTKODUCTION. 

In  working  upon  the  bacteriology  of  vaccine  virus  it  became  evident 
that  too  much  confidence  was  placed  in  the  germicidal  value  of  glyc- 
erin. In  reviewing  the  literature  upon  the  subject  we  were  somewhat 
surprised  to  learn  how  meager  has  been  the  published  work  upon  this 
important  subject,  especially  iu  Auew  of  the  almost  universal  practice 
of  using  glycerin  to  prepare  and  conserve  vaccine  virus  and  other 
organic  matter. 

Since  Copeman,  in  1891,  devised  the  method  of  mixing  glycerin 
with  vaccine  pulp,  much  work  has  been  done  in  studying  the  effect  of 
glycerin,  upon  the  microbial  life  contaminating  bovine  vaccine  virus, 
but  comparatively  little  upon  the  direct  action  of  this  interesting 
substance  upon  definite  pathogenic  and  saprophytic  bacteria.  We 
therefore  made  a careful  study  of  this  question.  It  has  engaged  our 
attention  during  the  odd  moments  of  the  past  two  years,  in  order  to 
determine  precisely  the  antiseptic  and  germicidal  powers  of  this  impor- 
tant substance.  These  studies  are  now  published  in  detail  at  the 
request  of  several  vaccine  manufacturers,  who  desire  to  make  practical 
use  of  the  results  obtained. 

Our  studies  were  considered  under  three  heads: 

(1)  We  first  determined  the  antiseptic  power  of  glycerin;  that  is, 
its  property  of  restraining  bacterial  growth  and  the  amount  required 
to  prevent  putrefaction  and  fermentation. 

(2)  We  determined  its  exact  germicidal  value;  that  is,  the  amount 
and  time  required  to  destroy  pathogenic  and  saprophytic  bacteria, 
both  spore-bearing  and  nonspore-bearing  varieties. 

(3)  On  account  of  the  great  importance  of  tetanus  as  a contaminator 
of  vaccine  virus,  we  made  an  extensive  series  of  special  studies  to 
determine  the  effect  of  glycerin  upon  the  spores  of  this  organism. 
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HISTORICAL. 

Glycerin  was  discovered  in  1779  by  Scheele,  a Swedish  pharmacist, 
in  the  water  which  came  from  a simple  salve.  He  gave  it  the  name 
of  ‘‘sweet  principle  of  oils.” 

It  is  found  in  a free  state,  but  exists  principally  in  combination  with 
the  fatty  acids,  forming  compound  ethers,  which  constitute  most  of 
the  animal  and  vegetable  solid  and  liquid  fats. 

Pasteur  showed  that  it  is  constantly  found  in  alcoholic  fermentation, 
it  being  one  of  the  natural  constituents  of  wine,  which  holds  as  much 
as  1 to  7 grams  to  50  liters.  Beer  contains  normally  2 to  3 grams  per 
liter.  (A.  Catillon:  He  la  glycerine.  Paris,  1903.) 

In  1813  Chevreul,  in  a memorable  work,  showed  that  fatty  sub- 
stances on  assimilating  the  elements  of  water  split  up  into  fatty  acids 
and  glycerin.  This  action  is  brought  about  by  the  influence  of  alkalis, 
metallic  oxides,  hydrochloric  and  sulphuric  acids,  by  water  in  a closed 
receptacle  at  a temperature  of  220°  C.  (Berthelot,  1851:),  superheated 
steam,  and  by  certain  ferments,  such  as  pancreatin  (Claude  Bernard). 

In  1851  Berthelot  demonstrated  that  glycerin  is  a triatomic  alcohol, 
giving  three  series  of  ethers  and  glycerides. 

Several  years  later  Wurtz  (1857)  made  glycerin,  by  synthesis,  by 
heating  on  an  oil  bath  at  120°  to  125°  C.  for  eight  days  tribromopro- 
pane,  silver  acetate,  and  glacial  acetic  acid. 

GENERAL  USES. 

Glycerin  is  to-day  one  of  the  most  useful  substances,  both  in  the 
sciences  and  in  the  arts.  It  is  used  in  the  preparation  of  pigments,  for 
the  extraction  of  perfumes  from  flowers,  in  lubricating  oils,  for  the 
preservation  of  animal  matter,  such  as  fresh  skins,  albumin,  vaccine 
virus,  and  animal  extracts.  Its  power  to  protect  animal  matter  against 
putrefaction,  combined  with  its  bland  and  nonpoisonous  properties, 
renders  it  an  exceeding^  important  and  useful  substance. 

In  pharmacy  glycerin  has  various  uses.  It  is  used  in  making  pill 
masses,  in  expectorant  mixtures,  and  in  the  official  glycerites  (glycerita) 
of  the  United  States  Pharmacopoeia. 

It  is  used  in  paper  making,  and  enters  into  the  composition  of  inks, 
beer,  wine,  soaps,  perfumes,  toilet  waters,  cosmetics,  and  many  arti- 
cles of  manufacture,  especially  explosives  (nitroglycerin.) 

PROPERTIES. 

Glycerin,  C^HgOg  or  CgH^Og,  or  CeH5(OH)3,  is  a colorless,  sirupy 
liquid,  without  odor,  and  a sweetish  taste.  It  boils  at  290°  C.  at  a 
pressure  of  756  mm.  and  at  180°  C.  in  vacuum.  Heated  with  care  it 
evaporates,  leaving  a residue,  and  disengages  a thick  vapor  with  an 
insipid  but  not  unpleasant  odor.  At  150°  C.  it  is  decomposed  by 
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losing  the  elements  of  water  into  less  volatile  compounds:  Diglycerid 
acrolein  (CgH^Oa),  acetic  acid,  carbonic  acid,  and  inflam- 
mable gases. 

Glycerin  should  be  neutral  in  reaction. 

The  density  of  the  anhydrous  fluid  is  1.269  (1.265,  Lyons),  but  as  it  is 
very  hygroscopic  it  can  not  be  kept  in  this  state  when  exposed  to  the 
air  without  absorbing  moisture,  and  therefore  commercially  the 
extreme  point  of  concentration  is  1.260,  which  corresponds  to  0.03  to 
0.01  per  cent  of  water.  The  United  States  and  British  pharmaco- 
poeias require  glycerin  to  have  a specific  gravity  of  1.250;  the  German 
pharmacopoeia  requires  1.225  to  1.235. 

Completel}^  deprived  of  water  by  several  distillations  in  vacuum, 
glycerin  crystallizes  into  orthorhombic  prisms,  having  a density  of 
1.360,  fusible  at  15°  C. 

Glycerin  is  soluble  in  all  proportions  in  water  and  alcohol;  insoluble 
in  ether,  chloroform,  benzine,  flxed  oils,  or  volatile  oils.  It  dissolves 
almost  all  substances  soluble  in  water  or  in  alcohol.  Its  great  affinit}?^ 
for  water  is  one  of  its  best-known  properties.  Its  properties  of  dis- 
solving albumin  and  preventing  putrefaction  have  special  reference  to 
its  use  in  adding  it  to  vaccine  virus. 

The  number  of  chemical  combinations  with  glycerin  is  numerous. 

PREPARATION. 

Glycerin  is  obtained  by  decomposing  fat  into  its  proximate  con- 
stituents, either  by  a caustic  alkali,  as  in  the  manufacture  of  soap,  or 
by  lead  oxide,  as  in  the  preparation  of  lead  plaster,  or  by  the  action 
of  water  at  an  elevated  temperature  under  pressure.  It  is  purified  by 
distillation. 

IMPURITIES. 

Glycerin  is  used  more  or  less  pure,  depending  upon  the  various 
purposes  for  which  it  is  employed.  It  may  contain  lead,  iron,  lime  as 
an  alkali,  or  sulphate,  carbonate,  or  chlorid;  oxalic,  formic,  or  butyric 
acid.  It  is  sometimes  adulterated  with  large  quantities  of  water, 
sugar,  glucose,  or  dextrine,  etc.  Arsenic  is  also  found  in  glycerin, 
particularly  that  which  comes  from  the  manufacture  of  soap.  Glyc- 
erin which  is. obtained  by  treating  stearine  with  lime  is  free  from 
arsenic. 

TESTS  FOR  IMPURITIES. 

A.  Catillon  (loc.  cit.,  p.  20)  gives  the  following  tests  for  impurities 
in  glycerin: 

After  testing  color,  odor,  and  taste; 

1.  Reaction  must  be  exactly  neutral. 

2.  Specific  gravity,  which  is  an  evidence  of  the  watery  contents. 

3.  On  heating  10  grams  of  glycerin  over  an  alcohol  lamp  it  should  evaporate  with- 
out disagreeable  odor,  without  carbonizing,  and  without  leaving  a residue. 
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4.  If  a residue  remains,  add  to  the  glycerin  some  distilled  water  and  several  drops 
of  ammonia  to  determine  the  presence  of  lime. 

5.  A drop  of  solution  of  sulphhydrate  of  soda  should  not  produce  a color  in 
glycerin,  but  throws  down  a black  precipitate  if  it  contains  lead  or  iron. 

6.  For  glucose,  treat  the  glycerin  with  Fehling’s  solution,  using  the  usual  precau- 
tions to  obtain  the  reduction  of  the  copper. 

7.  The  presence  of  chlorids  in  glycerin  is  indicated  by  silver  nitrate.  Pure  glyc- 
erin will  show  neither  opalescence  nor  precipitates. 

8.  Tribasic  acetate  of  lead  added  to  glycerin  diluted  with  distilled  water  produces 
a limpid  solution.  A precipitate  or  a cloudiness  indicates  the  presence  of  fatty  acids. 

9.  Mix  equal  parts  of  glycerin  with  sulphuric  acid.  If  carbon-dioxid  gas  is  given 
off  it  contains  oxalic  or  formic  acid. 

10.  Mix  the  glycerin  with  pure  alcohol  and  a little  sulphuric  acid.  An  odor  of 
jineapple  is  immediately  developed,  due  to  butyric  ether  (butyric  acid). 

11.  Glycerin  heated  to  120°  should  show  no  color. 

12.  For  arsenic,  test  by  means  of  Marsh’s  apparatus. 
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ANTISEPTIC  POWER  OF  GLYCERIN. 

The  first  series  of  experiments  were  made  in  order  to  determine 
the  antiseptic  properties  of  glycerin;  that  is,  its  power  to  restrain 
the  growth  and  development  of  bacteria.  This  was  tested  by  deter- 
mining the  amount  of  glycerin  necessaiw  to  add  to  nutrient  bouillon  in 
order  to  prevent  putrefaction,  and  the  amount  necessary  to  prevent 
the  growth  and  development  of  pure  cultures  of  various  organisms. 

Erlenmayer  fiasks  of  100  c.  c.  capacity  were  partly  filled  with  the 
bouillon-glycerin  solution.  The  flasks  were  then  contaminated  with 
various  substances,  such  as  rich,  black  garden  earth,  wisps  of  ha}^  or 
fresh  stable  manure. 

The  flasks  were  allowed  to  remain  in  a dark  corner  of  the  laboratory 
at  room  temperature,  and  results  noted. 

More  or  less  growth  of  bacteria  and  mold  was  obtained  in  all  the 
flasks  containing  10  per  cent  of  glycerin.  Those  containing  50  per 
cent  or  over  remained  clear  and  showed  no  growth.  Therefore,  it 
was  plain  that  the  antiseptic  power  of  glycerin  lies  somewhere  between 
10  and  50  per  cent. 

The  next  series  of  flasks  contained  various  percentages  of  glycerin 
between  10  and  50  and  were  inoculated  in  the  same  way,  in  order  to 
determine  more  definitely  the  exact  percentage  of  glycerin  necessary 
to  restrain  growth  and  development  of  micro-organisms. 
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Nutrient  bouillon  containing  various  percentages  of  glycerin  (X.),  contaminated  by  the 
addition  of  garden  earth,  and  kept  in  flasks  at  room  temperature. 


Percentage  of 
glycerin. 

Day  upon  which  growth  appeared. 

Seventh  day. 

Eighth  day. 

Tenth  day. 

Fifteenth  day. 

Twenty-first 

day. 

41  per  cent 

Fluid  clear;  small 
surface  mold. 

No  growth. 

42  per  cent 

Small  surface 
mold. 

do 

43  per  cent 

44  per  cent 

do 

45  per  cent 

Small  surface 
mold. 

do 

46  per  cent 

47  per  cent 

do 

48  per  cent 

Small  surface 
mold. 

49  per  cent 

Nutrient  bouillon  containing  various  percentages  of  glycerin  {M.),  contaminated  by  the 
addition  of  wisps  of  hay,  and  kept  in  flasks  at  room  temperature. 


Percentage  of 
glycerin. 

Day  upon  which  growth  appeared. 

Fifth  day. 

Sixth  day. 

Seventh  day. 

Twelfth  day. 

Twenty-first 

day. 

41  percent 

Feathery  groivth 
along  course 
and  adherent 
to  straw. 

do 

42  percent 

43  per  cent 

Feathery  growth 
along  course 
and  adherent 
to  straw. 

44  percent 

Very  faint 
feathery 
growth 
along 
course  and 
adherent  to 
straw. 

45  percent 

Very  faint 
growth 
along 
course  and 
adherent  to 
straw. 

46  percent 

No  growth. 

Nutrient  bouillon  containing  various  percentages  of  glycerin  (P.),  contaminated  by  the 
addition  of  stable  manure,  and  kept  in  flasks  at  room  temperature. 


Percentage  of  glycerin. 

Day  upon  which  growth  appeared. 

Sixteenth  day. 

Nineteenth  day. 

Twenty-first  day. 

41  per  cent 

Small  surface  mold 

42  per  cent 

do  

43  per  cent 

Small  surface  mold . . . 

44  per  cent 

No  growth. 
Do. 

45  per  cent 

% 
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2^utrient  bouillon  containing  various  percentages  of  glycerin  (-S'.),  contaminated  by  the 
addition  of  stable  manure,  and  J:ept  inflashs  at  room  temperature. 


Percentage  of  glycerin. 

Day  npon  -wMcli  growth,  appeared. 

hinth  day. 

Tenth  day. 

Thirteenth  day. 

Twenty-first 

day. 

41  per  cent 

Small  snrface 
mold. 

Xo  growth. 
Do. 

42  per  cent 

>m all  >nrfapp  _ 

43  per  cent 

mold. 

Very  .gmall  snr- 
■ face  mold. 

44  per  cent 

45  per  cent 

46  per  cent 

Small  snrface 
mold. 

As  was  to  be  expected,  the  exact  percentage  of  glycerin  necessary  to 
restrain  growth  varies  within  narrow  limits  with  the  make  of  glvcerin 
used  and  the  kind  of  contamination. 

To  sum  up  the  antiseptic  power  of  glycerin: 

Per  cent. 


Glycerin  X 49 

Glycerin  M 45 

Glycerin  P 43 

Glyc-erin  S 45 


Average - 45.  5 

These  results  do  not  correspond  with  ^liquehs  work  in  18S1.  who 
found  that  225  grams  of  glvcerin  in  1 liter  of  bouillon  was  sufficient 
to  prevent  putrefaction. 

The  above  test  having  deteiTuined  the  antiseptic  power  of  glycerin 
against  putrefactive  changes,  another  series  of  exi^eilments  was  made 
in  order  to  determine  the  restraining  power  of  glycerin  against  pure 
cultures  of  various  micro-organisms. 

The  different  percentages  of  glycerin  were  made  as  before  with 
nutrient  bouillon  and  this  time  distributed  into  test  tubes.  Each  tube 
was  inoculated  with  a minute  but  visible  portion  of  the  surface  growth 
of  the  organisms,  which  were  grown  for  this  pui’pose  upon  agar  slants 
under  favorable  conditions,  and  fresh  young  cultures  were  always  used 
to  make  the  inoculation. 

The  test  tubes  were  incubated  at  37'  C.  and  examined  daily  for 
growth.  In  case  a growth  appeared  it  was  tested  for  purity.  The 
tubes  were  observed  dailv  for  at  least  eleven  davs  and  the  result  noted. 
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As  a result  of  the  foregoing  experiments  gl3merin  is  found  to  be 
antiseptic  in  the  following  dilutions: 


Organism. 

Glycerin. 

Average 

percent- 

age. 

P. 

X. 

S. 

G. 

Staphylococcus  pyogenes  aureus 

Per  cent. 
30 

Per  cent 
32 

Per  cent. 
33 

Per  cent. 
29 

Per  cent. 
31 

Staphylococcus  pyogenes  citreus 

27 

25 

26 

26 

Staphylococcus  pyogenes  albus 

27 

32 

31 

30 

Staphylococcus  epidermis  albus 

T1 

32 

28 

27 

28.5 

Bacillus  typhosus 

25 

23 

25 

25 

24.5 

Bacillus  coli  communis 

28 

26 

24 

27 

26.25 

Bacillus  icteroides 

26 

25 

23 

24 

24.5 

Bacillus  acidi  la£tici 

27 

25 

25 

25 

25.5 

Bacillus  enter! tidis 

27 

24 

23 

23 

24.25 

Bacillus  dysenterise 

27 

22 

24 

23 

24 

Vibrio  cholerse 

21 

21 

21 

24 

21.  75 

Bacillus  diphtherise 

25 

22 

23 

23 

23. 25 

Bacillus  anthracis 

31 

26 

26 

31 

28.5 

Bacillus  pestis 

23 

21 

21 

22 

21.75 

Bacillus  glanders 

23 

23 

24 

24 

23.5 

Bacillus  pyocyaneus 

25 

22 

21 

25 

23. 25 

Bacillus  subtilis 

26 

24 

21 

27 

24.5 

Bacillus  proteus  yulgaris 

27 

22 

22 

21 

23 

Bacillus  megaterium 

20 

20 

15 

20 

18. 75 

Bacillus  prodigiosis 

20 

21 

20 

20 

20.25 

Bacillus  flourescens  liquefaciens 

23 

21 

21 

20 

21.25 

Ayerages 

25.3 

24.1 

23.7 

24.6 

24.4 

It  was  seen  from  a study  of  the  results  obtained  that  the  antiseptic 
power  of  glycerin  varies  with  the  organism  and  also  with  the  kind  of 
glycerin  used.  For  example,  the  growth  of  cholera  and  plague  is 
retarded  b}^  the  presence  of  21  to  21  per  cent  of  ghmerin,  while  pus 
cocci  will  grow  in  31  per  cent.  The  antiseptic  power  of  gl}merin 
“X”  and  is  greater  than  that  of  ‘‘P”  or  “G.” 

It  was  also  seen  that  the  molds  and  common  bacteria  of  putrefaction 
grow  in  bouillon  containing  between  10  and  50  per  cent  of  glycerin, 
while  the  pure  culture  of  the  bacteria  tested  do  not  grow  in  percent- 
ages above  31. 

Attention  is  especial!}"  called  to  the  interesting  fact  brought  out  by 
this  series  of  tests  that  the  pus  cocci  are  able  to  grow  and  multiply  in 
higher  percentages  of  glycerin  than  any  of  the  other  18  micro-organisms 
tested.  O/  / ^ 

THE  GERmCIDAL  POWER  OF  'GLYCERIN,  f 

The  following  tests  were  made  to  determine  the  time  required  for 
glycerin  to  destroy  the  important  pathogenic  organisms.  The  work 
included  tests  with  various  percentages  of  glycerin  at  different  tem- 
peratures. Our  object  was  to  determine  the  exact  effect  of  glycerin 
free  from  all  other  substances  upon  pure  cultures.  Therefore  the 
bacteria  were  grown  upon  agar  slants  and  carefully  taken  from  the 
surface,  so  as  to  obtain  the  colonies  free  from  the  organic  matter  on 
which  they  rested. 

STAPHYLOCOCCUS  PYOGEXES  AUEEUS. 

The  various  percentages  of  glycerin  were  ma.de  with  sterile  distilled  water  and 
distributed  into  test  tubes.  Each  tube  was  abundantly  inoculated  with  a young  cul- 
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ture  of  Staphylococcus  pyogenes  aureus  taken  from  the  surface  of  an  agar  slant  free  of 
foreign  organic  matter. 

For  comparison  the  organism  was  also  inoculated  into  sterile  distilled  water  and 
upon  sterile  slips  of  filter  paper. 

Three  sets  of  tubes  were  made  and  kept  at  different  temperatures,  as  indicated  on 
the  table. 

From  time  to  time  a small  quantity  (about  0.5  c.  c. ) of  the  test  fluids  and  also 
one  of  the  slips  of  filter  paper  was  planted  in  bouillon. 

■ [4-  means  growth;  — means  no  growth.] 


Kept  in — 

Filter 

paper. 

Dis- 

tilled 

water. 

Per  cent 

glycerin. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Incubator,  37°  C.: 

7 days 

+ 

-!- 

4- 

— 

— 

r 

“T 

— 

— 

4- 

— 

13  days 

20  days 

27  days 

+ 

34  days 

4- 

41  days 

I 

.... 

48  days 

_L 



55  days 

Room,  22°  to  24°  C.: 

7 days 

4- 

4- 

1 

4- 

4- 

— 

4- 

4- 

4- 

4- 

— 

13  days 

-r 

4- 

+ 

+ 

20  days 

4- 

27  days 

-i- 

34  days 

) 

4_ 

41  days 

Ice  chest,  10°  to  12°  C.: 

.... 

7 days 

+ 

4- 

+ 

-1- 

4- 

+ 

“F 

4- 

+ 

+ 

+ 

4- 

13  days 

+ 

+ 

-1- 

4- 

4- 

4- 

-f 

"T 

4- 

4- 

4- 

— 

20  days 

+ 

+ 

4- 

4- 

4- 

— 

— 

4- 

4- 

4-  ■ 

4_ 

— 

27  days 

+ 

4- 

4- 

4- 





-f 

4 

34  days 

4- 

4- 

4- 

4- 

41  days 

_1_ 

4_ 

. 

4- 

4- 

48  days 

4- 

.... 

55  days 

4- 

62  days 

4- 

69  days 

76  days 

O- 

83  days 

4- 

90  days 

4- 

i 

97  days 

; 

Ill  days 

1 

1 

STAPHYLOCOCCUS  EPIDEEMIS  ALBUS. 

The  various  percentages  of  glycerin  were  made  with  sterile  distilled  water  and 
distributed  into  test  tubes.  Each  tube  was  abundantly  inoculated  with  a young 
culture  of  Staphylococcus  epidermis  cdbus,  taken  from  the  surface  of  an  agar  slant,  free 
of  foreign  organic  matter. 

For  comparison  the  organism  was  also  inoculated  into  sterile  distilled  water  and 
upon  sterile  shps  of  filter  paper. 

Three  sets  of  tubes  were  made  and  kept  at  different  temperatures,  as  indicated  on 
the  table. 

From  time  to  time  a small  quantity  (about  0.5  c.  c. ) of  the  test  fluids  and  also  one 
of  the  slips  of  filter  paper  were  planted  in  bouillon. 
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[+  means  growth;  - means  no  growth.] 


Kept  in — 

Filter 

paper. 

Dis- 

tilled 

water. 

Per  cent  glycerin. 

10 

20 

30  40 

50 

60 

70 

80 

90 

100 

Incubator,  37°  C.: 

1 

1 

7 days 

+ 

— 

— 

-P 

— 

— 









13  days 

+ 

— 

— . 

— 

— 



— 





20  days 

_L 

27  days 

-I- 

34  days 

+ 

41  days 

+ 

— 

48  days 

■■ 

Room,  22°  to  24°  C.; 

7 days 

+ 

— 

+ 

— 1 — 

+ 

-P 

— 

+ 

P 

— 

13  days 

— 

— 

— 

j — 

— 

— 

— 

+ 

— 

— 

20  days 

Ice  chest,"  10°  to  12°  C.: 

; 

7 days 

+ 

-f- 

•P 

— 

+ - 

— 

-f 

+ 

— 

— 

— 

13  days 

+ 

-f- 

+ 

— 

p - 

— 

— 

— 

— 

20  days 

+ 





27  days 

+ 

■ ■ 

34  days 

+ 

.... 

41  days 

+ 

.... 

48  days 

+ 

... 

55  days 

+ 

62  days 

4- 

69  days 

.... 

1 

1 

BACILLUS  COLI  COMMUNIS. 

The  various  percentages  of  glycerin  were  made  with  sterile  distilled  water  and 
distributed  into  test  tubes.  Each  tube  was  abundantly  inoculated  with  a young 
culture  of  B.  coli  communis,  taken  from  the  surface  of  an  agar  slant,  free  of  foreign 
organic  matter. 

For  comparison  the  organism  was  also  inoculated  into  sterile  distilled  water  and 
upon  sterile  slips  of  filter  paper. 

Three  sets  of  tubes  were  made  and  kept  at  different  temperatures,  as  indicated  on 
the  table. 

From  time  to  time  a small  quantity  (about  0.5  c.  c.)  of  the  test  fluids  and  also  one 
of  the  slips  of  filter  paper  were  planted  in  bouillon. 

[+  means  growth;  — means  no  growth.] 


Incubator,  37' 
7 days . 
14  days . 
19  days . 
29  days. 
35  days . 
42  days . 
49  days . 
56  days . 
63  days . 
70  days. 
77  days . 
84  days . 
91  days . 
98  days . 
112  days. 
133  days . 
154  days . 


7 days. 
14  days . 
19  days . 
29  days . 
35  days . 
42  days . 
49  days . 
56  days , 


Kept  in — 

Filter 

paper. 

Dis- 

tilled 

water. 

Per  cent  glycerin. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

57°  C.: 

-1- 

-f 

+ 

+ 

— 

— 

4- 

+ 

+ 

4- 

+ 

— 

+ 

+ 

— 

— 

— 

-P 

-F 

-P 

+ 

-1- 

— 

— 

-P 

+ 

— 

— 

— 

— 

+ 

+ 

— 

— 

— 

4- 

4- 





4- 

4- 

4- 



4- 

4- 

4- 

4- 

4- 

-i- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 



4- 

»24°  C.: 

— 

+ 

+ 

4- 

4- 

+ 

+ 

-P 

— 

4- 

4- 

P 

-1- 

-P 

+ 

P 

-P 

4- 

+ 

+ 

— 

4- 

P 

-P 

— 

— 

— 

— 

+ 

— 

— 

— 

— 

_ 

4- 

4- 



4- 

4- 

4- 



4- 

P 

1 
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[+  means  growth;  — means  no  groAvth.] 


Kept  in — 

Filter 

paper. 

Dis- 

tilled 

water. 

Per  cent 

glycerin. 

10 

20 

30 

40 

50 

60 

1 

70 

80 

90 

lOO 

Room,  22°  to  24°  C. — Continued. 

fiRdavs  

4- 

70  davs  

T 

77  days  

84  davs  

91  davs  

98  davs.  

112  da  vs  

1 8.8  da  vs 

Ice  chest,  10°  to  12°  C.: 

7 davs 

+ 

-h 

-h 

4- 

“T 

T' 

4- 

4- 

4- 

-r 

4- 

14  davs 

4- 

J- 

1 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

19  days 

+ 

+ 

+ 

4- 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

29  days 

+ 

-1- 

4- 

4- 

+ 

_L 

4- 

4- 

+ 

+ 

— 

— 

35  days 

+ 

+ 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

42  d a ys  . 

+ 

4- 

4- 

+ 

4- 

49  days 

4- 

4- 

4- 

56  days 

-f- 

4- 

.... 

63  davs  - 

+ 

4- 

(a) 

70  days.  

-1- 

_1_ 

... 



77  days 

-1- 

4- 

84  days  

4- 

4- 

■ 

91  davs  



+ 

4- 

98  da  vs  - - . 

+ 

4- 

112  days  

4- 

133  days 

4- 

1.54  davs.  _ V- 

1 

(&) 

! 

a Slow.  b Material  exhausted. 


DIPHTHEEIA. 


The  various  percentages  of  glycerin  were  made  with  sterile  distilled  water  and  dis- 
tributed into  test  tubes.  Each  tube  was  abundantly  inoculated  with  a young  culture 
of  dipththeria,  taken  from  the  surface  of  an  agar  slant,  free  of  foreign  organic  matter. 

For  comparison,  the  organism  was  also  inoculated  into  sterile  distilled  water  and 
upon  sterile  slips  of  filter  paper.  * 

Three  sets  of  tubes  were  made  and  kept  at  different  temperatures,  as  indicated  on 
the  table. 

From  time  to  time  a small  quantity  (about  0.5  c.  c. ) of  the  test  fluids  and  also  one 
of  the  slips  of  filter  paper  were  planted  in  bouillon. 

[+  means  growth;  — means  no  gro'wth.] 


Kept  in — 

Filter 

paper. 

Dis- 

tilled 

water. 

Per  cent  glycerin. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Incubator,  37°  C.: 

7 days 

14  da5's 

— 

4- 

— 

19  days 

Room,  22°  to  24°  C.: 
7 

— 

7 

4- 

4- 

-h 

- 

4- 

14  days 

19  days 

29  days 

Ice  chest,  10°  to  20°  C.: 

7 days 

14  days 

— 

t 

“T 

- 

- 

19  days 

It  will  be  seen  from  these  experiments  that  the  pathogenic  bacteria 
usually  die  within  a week  or  ten_  days  in  glycerin  when  exposed  at 
37°  C.  in  the  incubator.  At  room  temperature  (22°  C.)  glycerin  is 
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not  so  active,  the  organisms  sometimes  surviving  two  weeks.  In  the 
ice  chest  at  10°  to  12°  C.  the  germicidal  power  of  glycerin  is  markedly 
diminished.  Pus  cocci  live  for  several  weeks,  the  colon  bacillus  sev- 
eral mouths. 

It  will  be  noted  from  these  tables  that  50  per  cent  glycerin  seems  to 
be  more  actively  germicidal  than  either  stronger  or  weaker  solutions. 

The  next  experiment  was  made  to  test  the  effect  of  gh' cerin  upon 
spores,  with  the  following  results: 

BACILLUS  ANTHEACIS. 

The  various  percentages  of  glycerin  were  made  with  sterile  distilled  water  and  dis- 
tributed into  test  tubes.  Each  tube  was  abundantly  inoculated  with  a growth  of 
B.  anthracis  containing  many  spores  taken  from  the  surface  of  peptoneless  agar,  care 
being  taken  to  carry  over  only  a culture  free  from  the  organic  matter  of  the  media 
used. 

For  comparison  the  organism  was  also  inoculated  into  sterile  distilled  water  and 
upon  sterile  slips  of  filter  paper. 

Three  sets  of  tubes  were  made  and  kept  at  different  temperatures,  as  indicated  on 
the  table. 

From  time  to  time  a small  quantity  (about  0.5  c.  c. ) of  the  test  fluids,  and  also  one 
of  the  slips  of  Alter  paper,  were  planted  in  bouillon.  In  adition  to  testing  the  vege- 
tabihty  of  the  organism  in  this  manner  its  virulence  was  tested  from  time  to  time  as 
indicated  on  the  tables  by  inoculation  into  mice. 
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[+  means  growth;  — means  no  growth.] 


Kept  in— 

Filter  paper. 

Distilled  water. 

Per  cent  glycerin. 

Remarks. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Incubator,  37°  C.: 

7 days 

+ 

a+ 

+ 

+ 

-1- 

+ 

+ 

+ 

+ 

+ 

4- 

14  days 

+ 

+ 

+ 

+ 

+ 

+ 

-1- 

4- 

4- 

+ 

+ 

61  days 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

97  days  

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

4 

122  days 

-f 

-1- 

+ 

+ 

+ 

+ 

b+ 

+ 

4- 

4- 

4- 

+ 

153  days 

-1- 

+ 

+ 

+ 

+ 

+ 

e+ 

+ 

-1- 

4 

+ 

+ 

184  days 

+ 

+ 

+ 

+ 

+ 

+ 

h+ 

4- 

+ 

4- 

4 

4- 

All  cultures  ivere  of 

slow  growth  and 

rather  scanty. 

215  days 

+ 

— 

— 

— 

— 

+ 

+ 

— 

fc+ 

— 

236  days 

+ 



n+ 



247  days 

Koom,  22°  to24°C.: 

7 days 

-1- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

14  days 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

4- 

61  days 

— 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

+ 

97  days 

+ 

+ 

-f 



4- 

-f 

4- 

-f 

4- 

4- 

4- 

122  days 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

153  days 

-1- 

-f 

-1- 

4- 

/+ 

4- 

4- 

4- 

4- 

184  days 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

4- 

4 

— slow  and  scanty 

growth. 

91  ft  fi  y<a 

4- 

l4- 

236  days 

+ 

0-j- 

247  days 

Ice  chest,'  10°  to 

12°  C.: 

7 days 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

4- 

12  days 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

4- 

4- 

61  days 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 

4- 

97  days 

+ 

+ 

-f 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4 

122  days 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

4- 

4- 

153  davs 

+ 

+ 

+ 

+ 

+ 

+ 

0+ 

+ 

4- 

+ 

4- 

4 

184  days 

+ 

+ 

+ 

+ 

+ 

J+ 

4 

4- 

+ 

+ 

4 

— slow  and  scanty 

growth. 

215  days 

+ 

+ 

+ 

+ 

— 

+ 

— 

4- 

— 

+ 

236  days 

4- 

P+ 

4- 

4- 



4- 





247  days 

-j- 

-f 

3-i 

4- 

4- 

4- 

4- 

278  days 

+ 

r+ 

— 

+ 

— 

Material  exhausted. 

M No  growth  first  time;  growth  when  replanted. 

(b)  0.5  c.  c.  of  the  bouillon  growth  obtained  from  the  50  per  cent  glycerin  kept  in  the  incubator  was 
inoculated  subcutaneously  in  a mouse;  dead  in  six  days. 

(c)  0.5  c.  c.  of  the  broth  growth  obtained  from  the  60  per  cent  glycerin  kept  at  room  temperature 
was  inoculated  subcutaneously  in  a mouse;  dead  in  forty-eight  hours. 

(d)  0.5  c.  c.  of  the  broth  growth  obtained  from  the  70  per  cent  glycerin  kept  in  the  ice  chest  was 
inoculated  subcutaneously  in  a mouse;  dead  in  forty-eight  hours. 

(e)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  50  per  cent  glycerin  kept  in  the  incubator  was 
inoculated  subcutaneously  in  a mouse;  dead  in  forty-eight  hours. 

(/)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  60  per  cent  glycerin  kept  at  room  temperature 
was  inoculated  subcutaneously  in  a mouse;  dead  in  forty-eight  hours. 

(S')  1 c.  c,  of  the  bouillon  growth  obtained  from  the  50  per  cent  glycerin  kept  in  the  ice  chest  was 
inoculated  subcutaneously  in  a mouse;  dead  in  twenty-four  hours. 

(h)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  50  per  cent  glycerin  kept  in  the  incubator  was 
inoculated  subcutaneously  in  a mouse;  dead  in  seventy-two  hours. 

( i)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  60  per  cent  glycerine  kept  at  room  temperature 
was  inoculated  subcutaneously  in  a mouse;  dead  in  seventy-two  hours. 

(J)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  50  per  cent  glycerin  kept  in  the  ice  chest  was 
inoculated  subcutaneously  in  a mouse;  dead  in  forty-eight  hours. 

(k)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  90  per  cent  glycerin  kept  in  the  incubator  was 
inoculated  subcutaneously  in  a mouse;  dead  in  eighty-four  hours. 

( ^)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  90  per  cent  glycerin  kept  at  room  temperature 
was  inoculated  subcutaneously  in  a mouse;  dead  in  forty-eight  hours. 

(»i)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  50  per  cent  glycerin  kept  in  the  ice  chest-was 
inoculated  subcutaneously  in  a mouse;  dead  in  forty-eight  hours. 

(n)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  60  per  cent  glycerin  kept  in  the  incubator  was 
inoculated  subcutaneously  in  a mouse;  dead  in  sixty  hours. 

(o)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  90  per  cent  glycerin  kept  at  room  temperature 
was  inoculated  subcutaneously  in  a mouse;  dead  in  forty-eight  hours. 

(P)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  10  per  cent  glycerin  kept  in  the  ice  chest  was 
inoculated  subcutaneously  in  a mouse;  dead  in  forty-eight  hours. 

(3)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  10  per  cent  glycerin  kept  in  the  ice  chest  was 
inoculated  subcutaneously  in  a mouse;  dead  in  forty-eight  hours. 

(r)  1 c.  c.  of  the  bouillon  growth  obtained  from  the  10  per  cent  glycerin  kept  in  the  ice  chest  was 
inoculated  subcutaneously  in  a mouse;  dead  in  forty-eight  hours. 
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X 

It  will  be  seen  from  this  table  that  glycerin  has  practically  no  effect 
upon  spores.  They  remain  alive  and  virulent  over  two  hundred  days 
in  all  percentages  of  glycerin  at  temperatures  of  37°,  22°,  and  10°  C. 

The  following  series  of  tests  were  made  to  estimate  more  precisely 
the  germicidal  power  of  glycerin  by  counting  the  colonies  from  day 
to  day  and  determining  the  rate  of  diminution. 

It  will  be  seen  from  these  studies  that  glycerin  produces  its  greatest 
germicidal  effect  during  the  first  twenty -four  hours.  The  more  resist- 
ing members  of  the  colonies  which  survive  this  first  period  are  able  to 
resist  the  action  of  the  glj^cerin  much  longer  when  they  also  finally 
succumb. 

STAPHYLOCOCCUS  PYOGENES  AUREUS. 


The  various  percentages  of  glycerin  (P.)  mixed  with  distilled  water  were  inocu- 
lated with  a young  culture  of  B.  staphylococcus  pyogenes  aureus  free  of  foreign  organic 
matter  and  then  each  flask  containing  the  test  fluid  was  thoroughly  shaken  so  as  to 
make  as  uniform  an  emulsion  as  possible.  The  shaking  was  repeated  each  time 
before  the  fluid  was  withdrawn  for  the  purpose  of  making  the  counts. 

One  series  of  flasks  was  kept  in  the  ice  chest  at  10°  to  12°  C.  and  another  in  the 
incubator  at  37°  C. 

The  flgures  represent  the  number  of  organisms  (i.  e.,  colonies)  per  cubic  centimeter. 


When 

counted. 

Distilled  water. 

20  per  cent  glyc- 
erin. 

50  per  cent  glyc- 
erin. 

80  per  cent  glycerin. 

Pure  glycerin. 

Incubator. 

Ice  chest. 

Incuba- 

tor. 

Ice 

chest. 

Incuba- 

tor. 

Ice 

chest. 

Incubator. 

Ice  chest. 

Incuba- 

tor. 

Ice 

chest. 

At  once . . 

1 day  . . . 

2 days... 

3 days... 

4 days... 

5 days 

4, 420, 000 

104. 000 

120.000 
3,000 

1. 290.000 

1. 050.000 

408.000 

920. 000 

110. 000 
88, 000 
60, 000 

70. 000 

89. 000 

19. 000 

28. 000 
22, 000 
15, 000 

464, 000 
3,000 

253, 000 
12, 000 
+ 

64, 000 
1,000 
1,000 

66, 000 
22, 000 
12, 000 
2,000 
2, 500 
25 

4,200,000 

+ 

-f 

•b 

75 

3, 376, 000 
840, 000 
66, 000 
12, 000 
-f 

+ 

-f 

-1- 

-f 

4- 

4- 

6 days 

8 days 

12  days 

17  days 

22  days 

27  days 

31  days 

When  counted. 

Distilled  water. 

50  per  cent  glycerin. 

Pure  glycerin. 

Incubator. 

Ice  chest. 

Incubator. 

Ice  chest. 

Incubator. 

Ice  chest. 

At  once 

4, 060 
185 
1 

1 

J— Bouillon 
Agar  0 

—In  bouil- 
lon 0 
0 

3, 900 
140 
0 

fBouillon-f 
\Agar  —0 

—Bouillon 

1 

—In  bouil- 
lon 0 
0 

10, 400, 000 
110 
0 
0 

15, 750, 000 
1, 575, 000 

630. 000 

126. 000 

1, 395, 000 
100 
25 
0 

3.530.000 

1. 200. 000 
25, 200 

Bouillon  4- 
Agar  — 0 

4- Bouillon  1 
4-Agar  (1) 
—In  bouil- 
lon 0 

0 

1 day 

2 days 

3 days 

4 days 

—Bouillon 

0 

—In  bouil- 
lon 0 
0 

37, 800 

—Bouillon 

0 

—In  bouil- 
lon 0 
0 

5 days 

15, 900 

1,980 

542 

150 

83 

1 

0 

6 days. 

7 days 

8 d ays 

9 days 

1 0 d ays  a 

12  days 

13  days 

a Left  in  room. 


i' 
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BACILLUS  TYPHOSUS. 

The  various  percentages  of  glycerin  (S. ) mixed  with  distilled  water  were  inoculated 
with  a young  culture  of  B.  typhosus  free  of  foreign  organic  matter,  and  then  each 
flask  containing  the  test  fluid  was  thoroughly  shaken  so  as  to  make  as  uniform  an 
emulsion  as  possible.  The  shaking  was  repeated  each  time  before  the  fluid  was 
withdrawn  for  the  purpose  of  making  the  counts. 

One  series  of  flasks  was  kept  in  the  ice  chest  at  10°  to  12°  C.  and  another  in  the 
incubator  at  37°  C. 

The  figures  represent  the  number  of  organisms  (i.  e.,  colonies)  per  cubic  centi- 
meter. 


When 

counted. 

Distilled  water. 

20  per  cent 
glycerin. 

50  per  cent 
glycerin. 

80  per  cent 
glycerin. 

Pure  glycerin. 

Incubator. 

Ice  chest. 

Incu- 

bator. 

Ice 

chest. 

Incu- 

bator. 

Ice 

chest. 

Incu- 

bator. 

Ice 

chest. 

Incu- 

bator. 

Ice 

chest. 

At  once 

1 dav 

2 days 

3 days 

4 days 

10, 710, 000 
5, 040, 000 
380, 000 

70. 000 

11. 000 
29 

11. 655. 000 

21. 630. 000 

9. 450. 000 

10. 710. 000 
10, 290,  000 

8. 400. 000 

4. 480. 000 

4. 410. 000 
4, 000,  000 
3, 860,  000 

4. 100. 000 

5. 080. 000 

452. 000 

600. 000 

180, 000 
150, 000 

118, 000 
26, 000 
500 
300 
80 
56 

115, 000 
86, 000 
1,000 
10 
28 

124, 000 

4.000 

1.000 
26 

3 

2, 000 
1, 000 
2 

3.000 

1.000 
4- 

2,000 

+ 

2,000 

-h 

5 days 

6 days 

7 days 

10  days 

13  days 

16  days 

21  days 

26  days 



31  days 



■ 

BACILLUS  COLI  COMWUXIS. 

The  various  percentages  of  glycerin  (M.  &R. ) mixed  with  distilled  water  were 
inoculated  with  a young  culture  of  B.  coll  comrnunis  free  of  foreign  organic  matter, 
and  then  each  flask  containing  the  test  fluid  was  thoroughly  shaken  so  as  to  make 
as  uniform  an  emulsion  as  possible.  The  shaking  was  repeated  each  time  before 
the  fluid  was  withdrawn  for  the  purpose  of  making  the  counts. 

One  series  of  flasks  was  kept  in  the  ice  chest  at  10°  to  12°  C.  and  another  in  the 
incubator  at  37°  C. 

The  figures  represent  the  number  of  organisms  (i.  e.,  colonies)  per  cubic  centimeter. 


When  counted. 

Distilled  water. 

20  per  cent  glycerin. 

50  per  cent  glycerin. 

80  per  cent 
glycerin. 

Incu- 

bator. 

Ice  chest. 

Incu- 

bator. 

Ice  chest. 

Incu- 

bator. 

Ice  chest. 

Incu- 

bator. 

Ice 

chest. 

At  once 

1 day 

2 days 

3 days 

4 days 

5 days 

6 days 

7 days 

8 days 

3.760.000 
9,  660, 000 
7,  728, 000 
6,  930, 000 
5, 670,  000 

6. 130. 000 

7. 630. 000 

4. 330. 000 

4. 250. 000 

3. 465. 000 

3. 523. 000 

2. 870. 000 

1. 600. 000 
880,  000 

515. 000 

480. 000 

390. 000 

340. 000 
370,  000 

280. 000 
102, 000 
104, 000 

8. 064. 000 

11. 708. 000 

6. 410. 000 

8. 190. 000 

9. 450. 000 

9. 210. 000 

7. 630. 000 

8. 400. 000 
9, 800,  000 
7,  770, 000 

7. 805. 000 
8,440,  000 

6.440.000 
1, 290,  000 

6. 300. 000 

5. 230. 000 

8. 400. 000 

4.410. 000 
4, 000, 000 

5. 200. 000 

7. 500. 000 

10. 080. 000 

4, 440, 000 
19,000 
3, 000 
84 
4 
2 

4, 680, 000 
131, 000 

56.000 
4, 200 

42.000 

51. 000 

10. 000 
2,000 
2,700 
1,000 

100 

100 

40 

9 

4 

8 

2, 416, 000 
4- 
-|- 
129 

1, 760, 000 
28, 000 
630, 000 
28, 000 
3,  000 
12, 600 
+ 
1 

500,000 

■f 

-|- 

420 

-1- 

100 

2 

664. 000 

181. 000 
14, 000 
17, 010 

111,000 

1,000 

-t- 

+ 

9 days 

10  days 

12  days 

14  days 

16  days 

17  days 

19  days 



21  days 

23  days 

24  days 

26  days 

29  days 



31  days 
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BACILLUS  COLI  COMMUNIS. 

The  various  percentages  of  glycerin  (P.)  mixed  with  distilled  water  were  inoculated 
with  a young  culture  of  B.  coli  communis  free  of  foreign  organic  matter,  and  then  each 
flask  containing  the  test  fluid  was  thoroughly  shaken  so  as  to  make  as  uniform  an 
emulsion  as  possible.  The  shaking  was  repeated  each  time  before  the  fluid  was  with- 
drawn for  the  purpose  of  making  the  counts. 

One  series  of  flasks  was  kept  in  the  ice  chest  at  10°  to  12°  C.  and  another  in  the 
incubator  at  37°  C. 

The  figures  represent  the  number  of  organisms  (i.  e.,  colonies)  per  cubic  centimeter. 


When 

counted. 

Distilled  water. 

20  per  cent  glycerin. 

50  per  cent  glyc- 
erin. 

80  per  cent 
glycerin. 

Pure  glycerin. 

Incuba- 

tor. 

Ice  chest. 

Incuba- 

tor. 

Ice  chest. 

Incu- 

bator. 

Ice  chest. 

Incu- 

bator. 

Ice 

chest. 

Incu- 

bator. 

Ice 

chest. 

At  once . . 

1 day 

2 days . . . 

3 days... 

4 days... 

5 days... 

6 days... 

7 days... 

8 days... 

9 days 

4. 410. 000 

4.427.000 
4, 200,  000 

18, 900, 000 

8. 922. 000 

8. 443. 000 

7. 700. 000 

3. 500. 000 
Flask 

broken. 

20,  700, 000 
1,610,000 

7. 560. 000 

9. 520. 000 

7. 376. 000 

8. 400. 000 

8. 470. 000 

9.500.000 
11,000,000 

12, 000, 000 

14. 000.  000 

17. 000,  000 

14. 280. 000 

10. 710. 000 

13. 860. 000 

10. 290. 000 

11.600.000 

9. 480. 000 

8. 640. 000 

3, 632, 000 
3,000 
1 

11, 900, 000 

5. 040. 000 

4. 550. 000 

4. 410. 000 
2, 800,  000 

110, 000 
8, 000 
1, 000 
600 

18 

24 

15 

5 

2 

210, 000 
-t- 
11 

1, 582, 000 
4- 

500, 000 

15.000 
29, 200 

16.000 
22,000 

3,000 

900 

200 

4 

408, 000 
4, 000 

400,000 
1, 000 
8, 000 

10,000 

1,000 

2,000 

-l- 

93, 000 

11  days 

13  da  vs 

LS  da.vs 

Ifi  days 



18  da.vs 

20  days 

24  days 

27  days 

1 

31  days 

1 

BACILLUS  DIPHTHERIA. 

The  various  percentages  of  glycerin  (P. ) mixed  with  distilled  water  were  inocu- 
lated with  a young  culture  of  B.  diphtherise  free  of  foreign  organic  matter,  and  then 
each  flask  containmg  the  test  fluid  was  shaken  so  as  to  make  as  uniform  an  emulsion 
as  possible.  The  shaking  was  repeated  each  time  before  the  fluid  was  withdrawn 
for  the  purpose  of  making  the  counts. 

One  series  of  flasks  was  kept  in  the  ice  chest  at  10°  to  12°  C.  and  another  in  the 
incubator  at  37°  C. 

The  figures  represent  the  number  of  organisms  (i.  e.,  colonies)  per  cubic  centimeter. 


When 

counted. 

Distilled  water. 

50  per  cent 
glycerin. 

100  per  cent 
glycerin. 

Remarks. 

Incuba- 

tor. 

Ice 

chest. 

Incuba- 

tor. 

Ice 

chest. 

Incuba- 

tor. 

Ice 

chest. 

At  once 

1,080 

2,450 

10 

20 

10 

1 day 

0 

0 

1 

0 

0 

1 

All  sterile  in  bouillon. 

Agar. 

Agar. 

2 days 

0 

0 

0 

0 

0 

0 

In  bouillon. 

It  is  again  evident  from  these  experiments  that  the  pus  cocci  in  pure 
culture  are  destroyed  by  the  action  of  gl^merin  within  two  weeks. 

Glycerin  seems  to  be  an  active  poison  for  the  bacillus  of  diphtheria 
throughout  all  our  experiments. 

The  organisms  belonging  to  the  typhoid  and  colon  group  sometimes 
show  a more  marked  resistance  in  some  of  our  other  tests  than  the 
preceding. 
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The  next  series  of  experiments  was  designed  to  test  the  effect  of 
glycerin  upon  the  organisms  of  pus,  both  in  pure  culture  and  the  pus 
itself. 

For  this  purpose  pus  was  obtained  from  various  sources,  abscess  of 
hand,  axillary  abscess,  abscess  of  face,  and  a bone  felon.  The  inflam- 
matory exudate  was  immediately  planted  in  varying  percentages  of 
glycerin  and  examined  from  time  to  time.  For  comparison  the  micro- 
cocci were  plated  out  in  pure  cultime  and  exposed  to  glycerin  in  like 
manner  under  exactly  the  same  conditions. 

PUS — STAPBTVLOCOCCUS  PYOGEXES  AVRETS. 

Pus  from  an  abscess  of  tbe  hand,  containing  Staphylococcus  pyogenes  aureus  in  pure 
culture,  planted  in  vaiAung  percentages  of  glycerin  (G)  in  distilled  water  and  kept  in 
the  incubator  at  37°  C.  From  time  to  time  small  portions  of  the  emulsion  were  drawn 
off  and  planted  upon  agar  and  in  bouillon. 


Days. 

Percentage  of  glycerin. 

Remarks. 

10  20 

30  40 

50  60 

70 

80 

90 

100 

7 

14 

21 

^ ' 

-!_  ' 

' ; 

All  marked  — gave  no  growtli 
in  broth. 

28 

3o 

_i_ 

42 

■ 

STAPHYLOCOCCUS  IX  PUEE  CUXTUEE  FEOM  THE  ABOVE  PUS. 

A pure  culture  of  Staphylococcus  pyogenes  aureus  isolated  from  the  above  pus  obtained 
from  abscess  of  the  hand  was  planted  in  various  percentages  of  glycerin  and  tested  as 
above. 


Days. 

Percentage  of  glycerin. 

Remarks. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

7.-.------. 

-r 

A- 

“T 

+ 

- 

— 

— 

All  marked  — gave  no  growth 
in  broth. 

14 

21 

28 

35 

42 

49 
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Pus  from  axillary  abscess  containing  Staphylococcus  pyogenes  aureus  in  pure  culture, 
planted  in  varjnng  percentages  of  glycerin  (G)  in  distilled  water  and  kept  in  the 
incubator  at  37°  C.  From  time  to  time  small  portions  of  the  emulsion  were  drawn 
off  and  planted  upon  agar  and  in  bouillon. 


Days. 

Percentage  of  glycerin. 

Remarks. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

7 

+ 

+ 

+ 

+ 

+ 

+ + + + + 1 1 

+ ++  1 1 1 1 

All  marked  — gave  no  growth 
in  broth. 

14 

21 

28 

35 

42 



49 

STAPHYLOCOCCUS  IN  PUEE  CULTCEE  FEOM  ABOVE  PUS. 

A pure  culture  of  Staphylococcus  pyogenes  aureus  isolated  from  the  above  pus 
obtained  from  axillary  abscess  was  planted  in  various  percentages  of  glycerin  and 
tested  as  above. 


Days. 

Percentage  of  glycerin. 

Remarks. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

7 

+ + + + 1 1 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

— 

— 

All  marked  — gave  no  growth 
in  broth. 

14 

21 

28  

35 

42 
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Pus  from  an  acute  abscess  of  the  face,  containing  Staphylococcus  pyogenes  aureus  in 
pure  culture,  planted  in  varying  percentages  of  glycerin  (G)  in  distilled  water  and 
kept  in  the  incubator  at  37°  C.  From  time  to  time  small  portions  of  the  emulsion 
were  drawn  off  and  planted  upon  agar  and  in  bouillon. 


Days. 

Percentage  of  glycerin. 

Remarks. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

7 

+ + + + + -1-+  1 

+ ++++ 1 1 1 

I 

“r 

1 

+ 

T 

+ 



All  marked  — gave  no  growth 
in  broth. 

14 

21 

28 

35 

42 

49 

56. 



STAPHYLOCOCCUS  IX  PUEE  CULTUEE  FEOW  ABOVE  PUS. 

A pure  culture  of  Staphylococcus  pyogenes  aureus  isolated  from  the  above  pus  obtained 
from  acute  abscess  of  the  face  was  planted  in  various  percentages  of  glycerin  and 
tested  as  above. 


Days. 

Percentage  of  glycerin. 

Remarks. 

10 

20  ! 30 

1 

40 

50 

60 

70 

80 

90 

100 

7... 

+ + + + 1 1 

1 

T 

+ 

+ 

+ 

+ 

+ + + + 1 1 

All  marked  — gave  no  growth 
in  broth. 

14 

21.. 

28 

35 

42 

.... 
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Pus  from  a bone  felon  of  the  finger,  containing  Staphylococcus  j^yogenes  albus  in  pure 
culture,  planted  in  various  percentages  of  glycerin  (G)  in  distilled  water  and  kept 
in  the  incubator  at  37°  C.  From  time  to  time  small  portions  of  the  emulsion  were 
drawn  off  and  planted  upon  agar  and  in  bouillon. 


Days. 

Percentage  of  glycerin. 

Remarks. 

10 

20 

30 

40 

50 

GO 

70 

80 

90 

100 

7 

14 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

All  marked  — gave  no  growth 
in  broth. 

21 

28 

35 

42 

STAPHYLOCOCCUS  IN  PLTRE  CULTUEE  FROM  ABOVE  PUS. 

A pure  culture  of  Staphylococcus  pyogenes  albus  isolated  from  the  above  pus  obtained 
from  a bone  felon  of  the  finger  was  planted  in  various  percentages  of  glycerin  and 
tested  as  above. 


Days. 

Percentage  of  glycerin. 

Remarks. 

10 

20 

30 

40 

60 

60 

70 

80 

90 

100 

7 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1 ++++++  + 

All  marked  — gave  no  growth 
in  broth. 

14 

21 

28 

35 

42 

49 

56 

From  these  experiments  it  will  be  seen  that  glycerin  has  the  power 
of  destroying  pus  organisms  whether  in  pure  culture  or  in  the  pus 
itself  within  two  weeks  when  exposed  at  these  temperatures.  As 
these  tests  were  made  in  the  incubator  at  37°  C.  they  can  not  be  taken 
as  an  evidence  of  what  glycerin  may  alwa}^s  do  in  vaccine  virus  when 
kept  cool. 

TETANUS  IN  GLYCERIN. 

VIABILITY  OF  TETANUS  IN  GLYCERIN. 

On  January  2,  1903,  tetanus  was  planted  into  1,000  c.  c.  of  ordinary  bouillon  and 
grown  two  weeks  in  a Novy  jar  at  37°  C.  Examination  of  the  growth  showed  that 
it  was  a pure  culture.  The  spores  and  toxin  were  then  separated  by  filtration  and 
the  toxin  was  set  aside. 

The  spores  were  diluted  with  distilled  water  and  filtered.  The  residue  was  again 
suspended  in  water  and  filtered  several  times  in  order  to  remove  the  toxin.  1,000 
c.  c.  were  used  in  the  washing. 


24 


The  toxin  and  the  watery  suspension  of  spores  were  then  tested  separately  on  mice 
as  indicated  by  the  following  table: 

Result. 


Inoculated 
into  mice — 

Tetanus  toxin 

Tetanus  spores. 

Jan.  22: 

0. 00006  c.  c. 
.0002  c.  c.. 
.0004  c.  C-. 

Jan.  23-27,  N. 

Jan.  23,  N 

Jan.  23,  N 

Jan.  28-30,  P. 
Jan. 24,  P ... 
Jan.  24-28, P. 

Recovered.. 
Jan.  25,  dead 
Jan.  29,  dead 

Jan.  23,  N . 
Jan.  23,  N . 
Jan.  23,  N . 

Jan.  24-30,  P. 
Jan.  24-31,  P . 
Jan.  24-29,  P . 

Jan.  31,  recovered. 
Jan.  31,  killed. 
Jan.  30,  killed. 

Six  sets  of  tubes  were  prepared,  each  set  composed  of  eleven  tubes, 
each  tube  containing  10  c.  c.  of  fluid.  The  first  tube  of  each  set  con- 
tained distilled  water;  the  second  contained  10  per  cent  pure  glycerin 
in  distilled  water;  the  other  tubes  contained  20  per  cent,  30  per  cent, 
etc.,  to  100  per  cent.  0.5  c.  c.  of  toxin  was  added  to  each  tube  of 
three  sets  and  the  suspension  of  spores  was  distributed  evenly  among 
the  other  three  sets,  each  tube  getting  0.5  c.  c.  A set  of  spores  and  a 
set  of  toxin  were  placed  at  room  temperature;  a set  of  each  was  kept 
in  the  cool  chamber  and  the  other  two  sets  were  put  in  the  incubator 
at  37°  C. 

On  February  1 these  tubes  were  tested  on  mice  as  shown  in  the  fol- 
lowing tables,  having  been  two  days  in  glycerin,  and  thereafter  each 
month. 

TETANUS  SPORES  IN  GLYCERIN. 

The  following  tables  give  the  results  of  our  studies  of  tetanus 
spores,  washed  free  of  toxin,  in  varying  percentages  of  glycerin,  and 
at  difl'erent  temperatures: 

Tetanus  spores. 

AFTER  TWO  DAYS’  EXPOSURE  TO  GLYCERIN. 

[+  = typical  symptoms  of  tetanus;  — = no  symptoms  of  tetanus;  k = killed;  d = died.] 


Quantity  inoculated  into  mice,  per- 
centages of  glycerin,  and  temper- 
ature. 

Result. 

1st  2d 
day.  day. 

3d 

day. 

4th 

day. 

5th 

day. 

6th 

day. 

7th 

day. 

8th 

day. 

9th 

day. 

10th 

day. 

11th 

day. 

12th 

day. 

Incubator,  37°  C.: 

0. 05  c.  c.  distilled  vater 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-t= 

+ 

+ + + + + + +4-4-  + + -H  + + + + + -1- 

+k 

20  per  cent  glvcerin 

40  per  cent  glvcerin 

+k 

60  per  cent  glycerin 

80  per  cent  glvcerin 

+k 

+ 

+k 

100  per  cent  glycerin 

Ice  chest,  10°  to  12°  C. : 

0. 05  c.  c.  distilled  water 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

20  per  cent  glycerin 

40  per  cent  glycerin 

60  per  cent  glycerin 

80  per  cent  glycerin 

+ + + + + + -h-h 

100  per  cent  glycerin 

Room,  about  20°  C.: 

0. 02  c.  c.  distilled  water 

4- 

+k 

+ 

+k 

+k 

+ 

+k 

20  per  cent  glycerin 

... 

40  per  cent  glycerin 

+k 

60  per  cent  glvcerin 

80  per  cent  glycerin 

100  per  cent  glycerin 

+k 
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Tetanus  spores — Continued. 

AFTER  THIRTY  DAYS’  EXPOSURE  TO  GLYCERIN. 

[+  = t3rpical  symptoms  of  tetanus;  — = no  sjTnptoms  of  tetanus;  k = killed;  d = died.] 


Quantity  inoculated  into  mice,  per- 
centages of  glycerin,  and  temper- 
ature. 


Incubator,  37°  C.’ 

0.05  c.  c.  10  per  cent  glycerin 
30  per  cent  glycerin 
50  per  cent  glycerin 
70  per  cent  glycerin 
90  per  cent  glycerin 
Ice  chest,  10°  to  12°  C.: 

0.05  c.  c.  10  per  cent  glycerin 
30  per  cent  glycerin 
50  per  cent  glycerin 
70  per  cent  glycerin 
90  per  cent  glycerin 
Room,  about  20°  C.: 

0.05  c.  c.  10  per  cent  glycerin 
30  per  cent  glycerin 
50  per  cent  glycerin 
70  per  cent  glycerin 
90  per  cent  glycerin 


Result. 


1st 

day. 

2d 

day. 

3d 

day 

4th 

day. 

5th  j 6th 
day.j  day. 

7th 

day. 

8th 

day. 

9th 

day. 

10th 

day. 

11th 

day. 

12th 

day. 

— 

-1- 

+k 

+ 

+k 

+k 

+k 

+k 

+ 

+ 

+ k 

— 

- 

- 

- 

— 

— 

- 

— 

- 

+k 

+k 

+k 

-Ik 

AFTER  SIXTY  DAYS’  EXPOSURE  TO  GLYCERIN. 


Incubator  37°  C.: 

n r>  n Hiafillarl  wafor 

20  per  cent  glycerin 

40  per  cent  glycerin 

60  per  cent  glycerin 

80  per  cent  glycerin 

100  per  cent  glycerin 

Ice  chest,  10°  to  12°  C.: 

0.05  c.  c.  distilled  water 

— 

1 II  1 1 1 1 4-  + -f-I+  1 1 II  1 

20  per  cent  glycerin 

40  per  cent  glycerin 

60  per  cent  glycerin 

80  per  cent  glycerin 

■ 

100  per  cent  glycerin. . . ; . . 
Room,  about  20°  C.: 

0.05  c.  c.  distilled  water 

+ 

+ 

+ 

+ 

-f 

+k 

+k 

-fk 

+k 

+k 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

-I 

20  per  cent  glycerin 

40  per  cent  glycerin 

60  per  cent  glycerin 

80  per  cent  glycerin 

100  per  cent  glycerin 

AFTER  NINETY  DAYS’  EXPOSURE  TO  GLY'CERIN. 


Incubator,  37°  C.: 

0.05  c.  c.  distilled  water 

10  ner  cent  glycerin 

30  per  cent  glycerin 

50  per  cent  glycerin 

70  per  cent  glycerin 

90  per  cent  glycerin 

Ice  chest,  10°  to  12°  C.:  ” 

0.05  c.  c.  distilled  water 

10  per  cent  glycerin 

- 

+ + + + 1 

-I 

4-k 

+k 

+ 

+ 

+ k 

30  per  cent  glycerin 

* 50  per  cent  glycerin 

70  per  cent  glycerin 

+ k 
+ k 

90  per  cent  glycerin 



Room,  about  20°  C.: 

0.05  c.  c.  distilled  water 

10  per  cent  glycerin 

30  per  cent  glycerin 

— 

— 

+ 

-I 

1 1 -I-+  1 

It 

+k 

— 

— 

50  per  cent  glycerin - 

70  per  cent  glycerin 

90  per  cent  glycerin 

- 
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The  spores  kept  in  various  percentages  of  glycerin  in  the  incubator 
have  apparentl}^  died  out,  viz,  having  failed  to  produce  symptoms  when 
inoculated  directly  into  mice.  Tests  were  now  made  (May  9)  to  see 
whether  these  spores  were  really  dead  or  whether  their  virulence  was 
simpl}^  attenuated.  Small  quantities  from  each  of  the  test  dilutions 
were  therefore  inoculated  into  freshly  prepared  bouillon  and  grown 
anaerobically  in  a Novy  jar  in  an  atmosphere  of  hydrogen  plus  pyro- 
gallic  acid  and  caustic  potash,  with  the  following  results: 


Planted  May  9. 


Mixture. 

Result. 

Aqueous  solution 

Growth,  no  spores,  contaminated. 
Mixed,  no  spores,  contaminated. 
No  growth. 

Many  spores. 

Many  spores  and  rods. 

Many  spores  and  rods. 

Many  spores. 

Many  spores. 

Many  spores. 

Spores  and  many  rods. 

Many  spores. 

10  per  cent  glycerin 

20  per  cent  glycerin 

30  per  cent  glycerin 

40  per  cent  glycerin 

50  per  cent  glycerin 

60  per  cent  glycerin 

70  per  cent  glycerin 

80  per  cent  glycerin .* 

90  per  cent  glycerin 

100  per  cent  glycerin 

A few  drops  of  the  growths  thus  obtained  were  on  May  21  inocu- 
lated into  mice,  with  the  result  that  all  died  within  a few  hours  without 
showing  characteristic  S3unptoms.  The  inoculations  were  repeated 
June  3 (i.  e.,  25  da}^s’  growth  in  bouillon),  0.0005  c.  c.  was  inoculated 
subcutaneously  into  the  flank  of  each  mouse,  with  the  following  results: 


[+  = typical  symptoms  of  tetanus;  — = no  symptoms  of  tetanus;  k = killed;  d = died.] 


Quantity  inoculated  into  mice,  per- 


centage  of  glycerin,  and  tempera- 
ture. 

1st 

day. 

2d 

day. 

3d 

day. 

4th 

day. 

5th 

|day. 

6th 

day. 

7th 

day. 

8th 

day. 

9th 

day. 

10th 

day. 

11th 

day. 

12th 

day. 

Incubator: 

0.0005  e.  c.  distilled  water 

-fk 

+k 

—a 

+k 

+k 

+k 

+k 

+k 

+d 

+d 

+d 

10  per  cent  glycerin. . . 
20  per  cent  glycerin. . . 
30  per  cent  glycerin. . . 
40  per  cent  glycerin. . . 
50  per  cent  glycerin. . . 
60  per  cent  glycerin. . . 
70  per  cent  glycerin. . . 
80  per  cent  glycerin. . . 
90  per  cent  glycerin. . . 
100  per  cent  glycerin. . . 

• 

a.  This  showed  no  growth.  Therefore  about  0.25  c.  c.  of  the  dilution  was  injected  into  a mouse. 
No  symptoms. 

The  dilutions,  etc.,  for  the  others  were  as  follows:  10  c.  c.  aq.  + 0.1  c.  c.  spores  = 1:100.  0.05  c.  c.  of 
this  solution  would  contain  1/2000  of  the  original,  or  .0005. 


Showing  that  although  the  spores  had  lost  their  power  of  producing 
tetanus  when  inoclated  directl}^  into  mice,  they  were  not  dead,  as  they 
regained  their  original  activity  and  virulence  when  reactivated  by 
growing  under  favorable  conditions. 


27 


Tetanus  spores. 

AFTER  ONE  HUNDRED  AND  TWENTY  DAYS’  EXPOSURE  TO  GLYCERIN. 

[+  = typical  symptoms  of  tetanus;  — = no  symptoms  of  tetanus;  k = killed;  d = died.] 


Quantity  inoculated  into  mice,  per- 
centage of  glycerin,  and  tempera- 
ture. 

Result. 

1st 

day. 

2d 

day. 

3d 

day. 

4tb 

day. 

5tb 

day. 

6th 

day. 

7tb 

day. 

8tb 

day. 

9th 

day. 

10th 

day. 

11th 

day. 

12th 

day. 

Incubator,  37°  C.: 

0.05  c.  c.  distilled  water 

20  per  cent  glycerin 

40  per  cent  glycerin 

60  per  cent  glycerin 

80  per  cent  glycerin 

100  per  cent  glycerin 

Ice  chest,  10°  to  12°  C. : ” 

0.05  c.  c.  distilled  water 

20  per  cent  glycerin 

+ 

+ 

? 

? 

+k 

+k 

+ 

40  per  cent  glycerin 

60  per  cent  glycerin 

+ 

+ 

+k 

80  per  cent  glycerin 

100  per  cent  glycerin 

Room,  about  20°  C.: 

0.05  c.  c.  distilled  water 

20  per  cent  glycerin 

40  per  cent  glycerin 

60  per  cent  glycerin 

80  per  cent  glycerin 

100  per  cent  glycerin 

AFTER  ONE  HUNDRED  AND  FIFTY  DAYS’  EXPOSURE  TO  GLYCERIN. 


Ice  chest,  10°  to  12°  C.: 

0. 05  c.  c.  10  per  cent  glycerin 



-f- 

+ 

+ k 

30  per  cent  glycerin 

+ k 

50  per  cent  glycerin 

+ k 

70  per  cent  glycerin 

+ 

+ 

+ k 

90  per  cent  glycerin 

Room,  about  20°  C.: 

0. 05  c.  c.  10  per  cent  glycerin 

30  per  cent  glycerin. . . 

~ 

— 

+ 

+ 

+ 

+ k 

50  per  cent  glycerin 

70  per  cent  glycerin 

■ 90  per  cent  glycerin 

AFTER  ONE  HUNDRED  AND  EIGHTY  DAYS’  EXPOSURE  TO  GLYCERIN. 


Ice  chest,  10°  to  12°  C.: 

0. 05  c.  c.  20  per  cent  glycerin 

40  per  cent  glycerin 

60  per  cent  glycerin 

80  per  cent  glycerin 

100  per  cent  glycerin 

Room,  about  20°  C.: 

0. 05  c.  c.  20  per  cent  glycerin 

40  per  cent  glycerin 

60  per  cent  glycerin 

80  per  cent  glycerin 

100  per  cent  glycerin 




? 

+k 

+ 

+k 

+k 

? 

1 1 + 1 1 11 

— 

- 

- 

- 

— 

— 





- 

= 

— 

- 

— 

We  learn  from  these  studies  that  tetanus  spores  may  die  within 
thirty  days  in  glycerin  at  the  body  temperature;  but  they  live  for 
months  (one  hundred  and  eighty  days)  at  room  temperature  or  in  the 
ice  chest.  The  virulence  of  the  spores  is  generally  lost  long  before 
their  power  of  growing  and  multiplying  if  placed  under  favorable 
conditions. 
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TETANUS  TOXIN  IN  GLYCERIN. 

A series  of  tests  was  then  made  to  determine  the  effect  of  glycerin 
upon  tetanus  toxin. 

In  each  instance  a quantity  of  the  glycerin  containing  0.0025  c.  c.  of 
the  toxin  was  inoculated  into  the  flank  of  a mouse  and  observed  for 
symptoms.  This  quantity  was  over  ten  times  the  M.  L.  D. 

It  was  found  that  the  toxin  exposed  to  the  glycerin  gradually  lost 
its  virulence  after  sixty  days  at  the  body  temperature,  but  that  it  was 
still  active  after  one  hundred  and  eighty  days  in  the  ice  chest  or  at 
room  temperature. 

If  vaccine  virus,  therefore,  was  contaminated  with  such  toxin  the 
glycerin  would  have  no  influence  upon  it. 

VIABILITY  OF  MIXED  CULTURE  OF  TETANUS  IN  VARIOUS  PERCENTAGES 

OF  GLYCERIN. 

This  culture  was  the  same  as  was  used  for  testing  the  viability  of  the 
mixed  culture  of  tetanus  on  dry  points  and  in  glycerinated  virus.  ^ It 
was  planted  into  100  c.  c.  of  bouillon  on  June  25  and  kept  at  37^  for 
two  weeks  in  a Novy  jar.  It  contained  a coccus,  a slender  motile  rod 
of  good  length,  which  contained  a central  oval  spore,  in  addition  to  a 
rich  growth  of  tetanus  organisms. 

On  July  14  the  400  c.  c.  were  subjected  to  a Pasteur  Alter  to  remove 
the  toxins.  The  residue  was  washed  several  times  with  distilled  water 
to  remove  an}^  trace  of  toxins  from  the  tetanus  organisms.  The  excess 
of  water  in  which  the  tetanus  remained  suspended  was  evaporated  in  a 
vacuum  containing  a vessel  of  calcium  chloride  until  it  reached  a bulk 
of  about  2 c.  c. 

Three  series  of  test  tubes  were  prepared.  Each  series  represented 
ten  difl'erent  percentages  of  pure  glycerin  in  water,  namely,  10,  20,  30 
per  cent,  etc. , to  100  per  cent.  Into  each  of  the  thirty  tubes  compris- 
ing the  three  series  we  put  an  equal  amount  of  the  watery  suspension 
of  mixed  tetanus  organisms  on  July  16  and  paraffined  the  cotton  plugs. 
The  three  series  were  then  put  at  different  temperatures — one  at  room 
temperature,  about  20°  C. ; another  in  the  incubator  at  37°,  and  the 
other  in  the  ice  chest  at  10°  to  12°  C.  Before  placing  the  series  at 
different  temperatures,  however,  they  were  tested  on  mice. 

As  a control,  inoculations  into  mice  were  made  from  three  tubes 
selected  at  random,  which  were  the  10  per  cent  incubator,  30  per  cent 
ice  chest,  and  60  per  cent  room  temperature.  The  three  series  were 
then  placed  in  their  appropriate  temperatures  and  tested  on  mice  at 
intervals. 

It  was  found  that  mixed  cultures  of  tetanus  in  glycerin  at  the  body 

«See  Bulletin  No.  12. — The  bacteriological  impurities  of  vaccine  virus;  an  experi- 
mental study.  By  M.  J.  Rosenau. 
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heat  began  to  lose  their  virulence  in  thirty  days,  but  at  room  tempera- 
ture were  virulent  for  mice  at  the  end  of  ninet}'  days,  and  in  the  ice 
chest  at  one  hundred  and  sixty-five,  when  all  of  the  material  was 
exhausted. 

RESmiE  AND  CONCLUSIONS. 

This  stud}"  was  undertaken  and  is  published  on  account  of  its  impor- 
tance from  a public-health  standpoint,  particularly  in  view  of  the  fact 
that  glycerin  is  used  to  conserve  vaccine  virus  and  analogous  products. 
On  account  of  its  bland  and  nonpoisonous  properties  glycerin  has  long 
been  used  as  a preservative  for  organic  matter;  but  not  until  1891, 
when  Copeman  claimed  for  it  special  virtues  as  a germicide,  did  it 
come  into  general  use  to  purify  vaccine  virus. 

A false  sense  of  security  arose  owing  to  an  overestimate  of  the  anti- 
septic and  germicidal  value  of  glycerin.  This  fact  we  have  brought 
out  in  previous  publications  on  the  subject  of  the  bacteriological 
impurities  of  vaccine  virus.  Other  substances,  such  as  chloroform 
vapor,  chloretone,  potassium  cyanide,  carbolic  acid,  formalin,  etc., 
have  since  been  used  as  a substitute  for  glycerin  with  more  or  less 
success,  and  it  is  possible  that  one  of  these  more  energetic  germicidal 
substances  may  be  found  to  be  superior  to  glycerin  for  this  particular 
purpose  in  commercial  practice. 

The  experiments  are  published  in  detail  at  the  request  of  several 
vaccine  producers  who  desire  to  know  the  exact  value  of  glycerin  as  a 
germicide  and  antiseptic. 

In  brief,  it  may  be  stated  that  glycerin  has  distinct  but  very  feeble 
germicidal  and  antiseptic  properties.  The  results  are  summarized  as 
follows: 

GJLYCERIN  AS  AN  ANTISEPTIC. 

Small  quantities  of  glycerin,  less  than  10  per  cent,  added  to  nutrient 
media  have  well-known  powers  of  favoring  the  growth  and  multipli- 
cation of  many  forms  of  bacteria. 

The  presence  of  50  per  cent  of  glycerin  will  restrain  all  bacterial 
growth.  Less  than  this  amount  can  not  be  depended  upon  for  the 
preservation  of  vaccines  and  other  organic  growths.^ 

The  antiseptic  power  varies  for  the  different  glycerins.  For  in- 
stance, some  restrain  all  growth  and  development  when  present  in  the 
proportion  of  13  per  cent;  others  require  19  per  cent. 

No  evident  growth  or  multiplication  of  bacteria  takes  place  in  nutri- 
ent media  containing  32  per  cent  of  glycerin,  but  molds  grow  in 
stronger  percentages,  viz,  10  to  19  per  cent. 

In  order  to  prevent  the  growth  and  development  of  pus  cocci  at 
least  33  per  cent  of  glycerin  must  be  present.  This  is  more  than  that 


« The  percentages  throughout  this  paper  are  by  volumes. 
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.required  to  restrain  the  growth  and  multiplication  of  the  other  eight- 
een dilferent  pathogenic  and  saprophytic  bacteria  tested. 

GLYCERIN  AS  A GERMICIDE. 

Glycerin  has  a distinct,  though  exceedingly  feeble,  germicidal  action. 
It  probably  acts  by  virtue  of  its  great  affinity  for  water,  abstracting 
this  substance  from  the  germ. 

As  a rule,  glycerin  destroys  the  micrococci  of  suppuration,  whether 
these  be  in  pure  culture  or  in  the  pus  itself,  within  two  weeks.  This 
action,  like  that  of  all  germicides,  depends  for  its  activity  upon  the 
temperature.  Pus  cocci  may  live  in  glycerin  for  months  in  the  ice 
chest.  They  would  die  in  a week  at  the  body  temperature. 

Glycerin  seems  to  be  a selective  poison  for  the  bacillus  of  diphthe- 
ria, which  in  all  of  our  experiments  died  much  more  quickly  than  any 
of  the  other  organisms  tested. 

The  bacteria  of  the  typhoid  and  colon  group  often  show  a marked 
resistance  to  the  effects  of  glycerin  in  strong  proportions. 

Glycerin  asserts  its  greatest  germicidal  effect  during  the  first  twenty- 
four  hours.  The  remaining  members  of  the  colonies  which  resist  its 
action  for  this  first  period  succumb  very  slowly. 

Glycerin  in  all  proportions  has  practically  no  effect  upon  endogenous 
spores.  We  have  kept  anthrax  spores  alive  and  virulent  two  hundred 
days  in  the  stronger  percentages  and  at  warm  temperatures. 

TETANUS  IN  GLYCERIN. 

Tetanus  spores  in  pure  culture,  freed  of  all  organic  matter  and  washed 
free  of  toxin,  ma}^  lose  their  virulence  in  glycerin  in  thirty  days  at  the 
body  temperature,  but  they  live  for  months  (one  hundred  and  eighty 
days)  at  room  temperature  or  in  the  ice  chest.  Glycerin,  therefore, 
can  not  be  depended  upon  to  purify  vaccine  or  other  organic  matter 
containing  this  contamination.  The  virulence  of  the  spores  is  lost 
long  before  they  actually  die,  for  they  still  retain  the  power  of  grow- 
ing and  multiplying  if  placed  under  favorable  conditions.  Under  these 
circumstances  they  also  regain  their  original  pathogenic  properties. 

Glycerin  has  practically  no  effect  upon  tetanus  toxin.  We  found 
such  toxin  added  to  glycerin  to  be  active  for  sixty  days  at  the  body 
temperature  and  one  hundred  and  eighty  days  at  room  temperature 
or  in  the  ice  chest. 
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ILLUSTRATED  KEY  TO  THE  TREMATODE  PARASITES 

OE  MAN. 


By  Ch.  Wardell  Stiles,  Ph.  D.,  Chief  of  Division  of  Zoology,  Hygienic  Laboratory, 
United  States  Public  Health  and  iMarine-Hospital  Service. 

INTRODUCTION. 

Upon  several  recent  occasions  the  writer  has  been  called  upon  for 
information  in  regard  to  the  trematodes  which  are  parasitic  in  man, 
and  it  is  in  response  to  such  requests  that  the  present  paper  is  pub- 
lished. This  key  is  offered  not  as  an  exhaustive  treatment  of  the 
subject,  but  as  a ready  reference  aid  in  clinical  diagnosis. 

To  the  American  physician  the  trematodes  or  flukes  have  been  here- 
tofore chiefly  matters  of  scientiflc  interest,  most  men  looking  upon 
them  as  zoological  curiosities.  Hepatic  distomatosis,  caused  by 
Fasciola  hepatica  and  7d  magna^  is  known  to  occur  in  cattle,  particu- 
larly in  the  Southern  States;  F.  hepatica  is  also  found  in  sheep  in 
various  parts  of  the  country,  and  it  need  not  be  surprising  if  isolated 
cases  of  infection  with  this  parasite  should  be  fonnd  in  man.  About 
20  cases  of  hepatic  distomatosis,  caused  by  Opisthorchi.s  sinensis^  have 
already  been  found  in  this  country,  and  it  is  strange  that  the  cases 
thus  far  seen  are  so  few  in  number.  Parasitic  hemoptysis,  caused  by 
Paragonimiis  u'estermanii,  has  been  found  in  the  United  States  in 
dogs,  cats,  and  swine,  and  one  (imported)  case  in  man  has  recently 
been  recognized  in  Portland,  Oreg.  Bilharziosis,  caused  by  Schisto- 
soma heematohium^  has  been  found  in  this  country  upon  at  least  three 
occasions,  and  it  is  also  said  to  occur  in  Cuba  and  Porto  Rico.  Thus, 
for  the  American  physician,  trematode  diseases  are  becoming  some- 
thing more  than  a mere  matter  of  curiosity,  and  their  importance  is 
increased  by  the  fact  that  about  120,000  of  our  troops  have  been  serv- 
ing in  the  Asiatic  quarter  of  the  globe,  or,  in  other  words,  in  a part 
of  the  world  where  maladies  of  trematode  origin  are  more  common 
than  the}"  are  with  us.  Whether  the  return  of  these  troops,  together 
with  the  return  of  travelers  from  Asia,  will  result  in  making  these 
diseases  more  or  less  common  in  man  in  the  United  States  can  not  be 
definitely  prophesied,  but  the  indications  are  that  Ave  shall  not  entirely 
escape  infection.  It  is  diflicult  to  guard  against  the  introduction  of 
the  parasites  under  consideration,  and  the  question  whether  they  will 
midtiply  here  depends  primarily  upon  two  factors,  namely,  first. 
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whether  there  exist  in  the  United  States  species  of  snails  which  can 
serve  as  intermediate  hosts:  and.  second,  whether  these  snails  actually 
become  infected  by  persons  harboring  the  parasites.  From  the  fact 
that  snails  are  necessary  for  the  propagation  of  at  least  some  of  the 
trematode  maladies  of  man.  it  is  apparent  that  cases  of  infection  are 
more  likely  to  occur  in  rural  districts  than  in  cities.  In  other  words, 
they  are  more  likely  to  occur  in  the  practice  of  a class  of  physicians 
who  as  a rule  do  not  use  the  microscope  as  an  aid  in  diagnosis  and 
who.  therefore,  will  not  recognize  the  exact  nature  of  the  maladv. 

CLINICAL  CLASSIFICATION  OF  TREMATODE  INFECTIONS 

(DISTOMATOSIS). 

Trematode  infection  is  usually  spoken  of  as  distomatosis.  The  name 
is  derived  from  Distoma,  which  has  been  used  by  many  authors  to 
designate  a collective  genus  in  the  familv  Fasciolid^e.  As  a o*eneric 
name.  Distoma  is  now  suppressed,  its  species  having  been  distributed 
in  a large  number  of  well-defined  genera,  but  the  term  distomatosis 
may  be  conveniently  retained  (at  least  until  the  zoologic  nomenclature 
becomes  more  settled)  to  designate  infection  by  digenetic  trematodes. 

Distomatosis  may  aflect  dilferent  parts  of  the  human  body,  as  follows: 

OjAdhadraic  distomatosis:  Very  rare:  diagnosis  only  by  ophthalmo- 
scopic examination,  or  after  operation,  or  on  autopsy : treatment  .sur- 
gical: caused  by  (p.  1’2).  Aga  miod  istorriu  in  (p.  12). 

Cerehrad  d/istornadosisA2i(d^<om.Q.Vi  epilepsy):  Usually  in  connection  with 
pulmonary  distomatosis:  diagnosis  symptomatic  and  by  micro- 
scopic examination  of  sputum:  no  specific  treatment:  caused  by 
Paragon  i m as  (p.  II). 

Padmonary  distomatosis  (parasitic  hemoptysis):  Diagnosis  by  micro- 
scopic examination  of  sputum:  no  specific  treatment;  caused  by 
Paragonirnus  (p.  II)  and  Pascdola  (p.  18). 

Hejjatic  distomatosis : Diagnosis  by  microscopic  examination  of  feces: 
no  specific  treatment:  caused  hj  PascioJ a.  DicrocceJiurn,  and  Ojjis- 
thorchis  (p.  20). 

Pancreatic  distomatosis : Occasionally  occurs  with  hepatic  infection: 
caused  by  Opisthorchis  (p.  :30). 

Intestinal  distomatosis : Diagnosis  by  microscopic  examination  of  feces: 
treatment  with  thymol,  or  same  anthelmintics  as  for  tapeworms: 
caused  by  Pasciolojjsis.  Ideterojjltyes,  and  Gastrodiscas  (j).  .39). 
Yenad  distomatosis  (bilharzian  hematuria):  Diagnosis,  microscopic 
examination  of  urine  and  feces:  treatment,  male  fern  (^);  caused 
by  Schistosoma  (p.  19). 

CLINICAL  DIAGNOSIS. 

The  clinical  diagnosis  of  distomatosis  should  be  made  by  microscopic 
examination  of  the  sputimi.  urine,  and  feces.  No  special  technique  is 
required.  Examine  the  fresh  unstained  excretions  under  a medium 
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power  and  later  under  a higher  power  dry  lens.  It  will  not  always  be 
possible  to  determine  from  the  microscopic  examination  alone  whether 
the  infection  is  hepatic  or  intestinal,  as  the  size  of  the  eggs  varies  and 
the  exact  species  can  not  always  be  definitely  determined  from  the  egg. 

KEY  TO  TFTE  EGGS  OP  TREMATODES  REPORTED  FOR  MAN. 

(For  species  thus  far  found  in  the  United  States,  follow  Roman  type.) 

1.  Eggs  in  sputum;  embryo  not  developed.  Parasitic  hemoptysis 2 

Eggs  in  feces;  embryo  developed  or  undeveloped 3 

Eggs  in  urine;  120  fi  long  by  50  broad;  provided  with  a 20  /<  long  terminal 

or  subterminal  spine;  contain  no  embryo  when  first  oviposited,  but 
embryo  may  develop  before  egg  is  discharged  from  the  host.  Bilhar- 
ziosis  (Egyptian  hematuria) Schistosoma  hmnatobium  (p.  50) 

2.  Egg  68  to  118/^  long  by  48  to  60 broad.  This  is  the  egg  usually  found  in 

parasitic  hemoptysis Paragonimus  westermanii  (p.  16) 

Egg  150  to  190 long  by  75  to  90f.L  broad.  Very  rare  in  man 

Fasciola  gigantica  (p.  19) 

EGGS  IN  FECES. 


3.  The  vsame  egg  also  in  the  sputum 1 

The  same  egg  may  also  be  in  the  urine 1 

The  same  egg  neither  in  the  sputum  nor  in  the  urine 4 

4.  Egg  more  than  100  /<  long 5 

Egg  less  than  50 long 6 


5.  Egg  130  to  145/1  long  by  70  to  90/4  broad;  does  not  contain  embryo  when 

discharged  in  feces.  Indicates  infection  of  the  . .Fasciola  hepatica  (p.  22) 
Egg  120  to  130  p long  by  77  p broad;  does  not  contain  embryo  when  discharged 

- in  the  feces.  Indicates  infection  of  the  intestine Fasciolop)sis  buskii  (p.  41) 

Egg  150  p long  by  80  p broad.  Indicates  inf ection  of  the  intestine 

Fasciolopsis  rathouisi  (p.  42) 

Egg  150  p long  by  72  p broad.  Indiccdes  infection  of  the  intestine - 

Gastrodiscus  hominis  (p.  46) 

6.  Egg  contains  embryo 7 

^Not  stated  vdiether  egg  contains  embryo;  egg  34  P long  by  19  to  21  p broad.  In- 
dicates inf  ectioiv  of  the  liver  Opisthorchis  noverca  (p.  33) 

7.  Embryo  with  tivo  dark  spots  in  posterior  hcdf;  egg  dark,  38  to  45  p long  by  22 

to  30  p broad.  Indiccdes  infection  of  the  liver Dicrocoelium  lanceatum  (p.  29) 

Embryo  without  said  spots 8 

8.  Egg  26  to  30  u long  by  11  to  15  p broad.  Indiccdes  infection  of  the  liver 

Opisthorchis  felineus  (p.  31) 

Egg  28  to  30  p long  by  16  to  17  p broad.  Indicates  infection  of. the  liver  . . 

Opisthorchis  sinensis  (p.  35) 

Egg  20  to  30  p long  by  15  to  17  p broad.  Indiccdes  infection  of  the  intestine 

Heterophyes  heterophyes  (p.  45) 

THE  PARASITES  OF  DISTOM ATOSIS. 

Except  in  cases  of  intestinal  distomatosis  and  occasionally  in  hepatic 
infection,  the  physician  will  rarely,  if  ever,  see  the  parasite  during  the 
life  of  his  patient.  If  trematodes  are  found  on  autopsy,  the}^  may  be 
determined  by  use  of  the  key  given  on  p.  11. 
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ANATOMICAL  STRUCTURE  OF  TREMATODES. 

The  following  technical  description  shows  the  s^-stematic  position 
and  general  structure  of  the  flukes  under  discussion: 

[Suborder  Malacocoty lea:  Digenea.  Families' Monostomidae,  Fasciolidae,  Param- 
phistomidae,  and  Schistosomidae.  See  figs.  13-15,  18,  20,  42-47,  49-50,  64, 
67-68,  78,  85-86.] 

With  the  exception  of  the  blood  flukes  {fScMstosoma)  they  are  all  hermaphrodites. 
They  are  fiat,  cylindrical,  or  conical  worms,  always  longer  than  broad;  on  the  ante- 
rior extremity  is  situated  the  mouth,  surrounded  l)y  a muscular  organ,  known  as  the 
oral  sucker  and  curved  slightly  ventrad.  There  is  a second  sucker  (the  acetabulum), 
which  is  situated  in  the  ventro-median  line;  in  the  Fasciolidae  the  acetabulum  is  gen- 
erally found  on  the  anterior  half  of  the  body,  while  in  the  family  Paramphistomidae 
it  is  at  or  near  the  posterior  extremity.  The  surface  of  the  worms  is  generally  more 
or  less  covered  with  minute  spines  or  tubercles. 

The  digestive  tract  consists  of  the  mouth,  a short  esoj^hagus,  and  two  blind  sacs 
(intestinal  ceca),  which  represent  the  true  intestine.  The  anterior  portion  of  the 
esophagus  is  generally  connected  with  the  mouth  by  a muscular  bulb  {iho  pharynx)] 
the  posterior  extremity  bifurcates,  one  branch  being  connected  with  each  intestinal 
cecum.  The  intestinal  sacs  are  usually  simple  elongated  tubes  (fig.  43),  but  in  the 
genus  Fasciola  they  branch  freely  (fig.  20,  i).  In  Schistosoma  the  two  ceca  unite 
after  passing  the  genital  glands.  An  anus  is  never  present. 

Genital  organs. — The  genital  pore  is  in  the  ventro-median  line  in  nearly  all  species 
here  described,  the  male  copulatory  organ  {cirrus,  or  penis,)  lying  very  close  to  the 
female  opening  (vulva).  Male  organs:  A cirrus  is  frequently  seen  extruded  from  the 
genital  pore,  and  in  these  cases  it  appears  as  a curved  organ,  varying  in  size  accord- 
ing to  the  f-pecies;  usually  the  cirrus  is  invaginated  into  the  cirrus  pouch.  Through 
its  center  runs  a canal  (the  ductus  ejaculatoris) , which  receives  the  spermatozoa  from 
a vesicula  seminalis.  The  latter  is  partially  or  entirely  included  in  the  pouch;  at  its 
posterior  end  it  receives  either  directly  or  indirectly  the  two  rasa  efferentia,  through' 
which  the  spermatozoa  are  conducted  from  the  testicles.  The  testicles,  generally  two 
in  number,  one  right  and  one  left,  are  more  or  less  round,  lobate,  or  branched.  Female 
organs:  The  vulva  leads  into  a canal,  the  anterior  portion  of  which  is  known,  as  the 
metraterm;  this  is  continued  as  the  uterus,  which  forms  more  or  less  numerous  folds  in 
the  median  portion  of  the  body,  and  finally  leads  to  the  so-called  shell-gland,  which 
may  frequently  be  seen  in  fresh  specimens  [Fasciola  rnagna  and  others)  as  a round 
body  a short  distance  posterior  of  the  acetabulum.  In  the  center  of  the  shell-gland  is 
a canal  (the  ootype),\\\  which  four  canals  [uterus,  oviduct,  Laurer's  canal,  and  vitelloduct) 
come  together.  The  ovary  in  some  species  is  globular,  in  others  lobate,  or  branched, 
and  connects  with  the  ootype  through  the  oviduct.  The  Laurer's  canal  runs  from 
the  ootype  dorsad,  and  opens  to  the  exterior  on  the  dorsal  surface.  Its  function  is 
still  doubtful,  but  homologically  it  represents  the  uterus  of  cestodes.  The  vitellogene 
glands  (vitellaria)  are  two  in  number,  and  are  situated  laterally  of  the  longitudinal 
intestinal  ceca;  they  vary  in  size  in  different  species,  are  generally  quite  elongated, 
and  are  composed  of  numerous  branches,  or  acini,  much  like  a bunch  of  grapes  in 
form,  all  of  which  connect  with  a longitudinal  vitelloduct  (one  on  each  side  of  the 
body);  these  longitudinal  ducts  are  in  turn  connected  by  a pair  of  transverse  ducts 
which  unite  in  the  median  line,  immediately  posterior  of  the  shell-gland,  to  form  a 
common  reservoir;  this,  in  turn,  empties  into  the  ootype  through  the  short  vitello- 
duct mentioned  above.  The  vitellaria  produce  yolk  cells,  which  are  associated  with 
the  true  ovum  to  form  the  eggs. 

Excretory  system. — At  or  near  the  posterior  extremity,  generally  somewhat  dor- 
sally,  is  situated  a small  pore  [jmrus  excreforius) , which  leads  into  a median  terminal 
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reside;  this  latter  gives  off  longitudinal  branches;  these  in  turn  give  off  secondary 
branches,  which  ramify  through  the  body,  each  small  branch  ending  in  an  excretorv 
cell. 

Xervous  system. — A set  of  ganglia  is  found  at  each  side  of  the  pharynx;  these  ganglia 
are  connected  by  a dorsal  commissure  and  give  off  numerous  nerves  to  various  parts 
of  the  body.  The  largest  nerves  are  the  two  ventral  longitudinal  nerves  which  run 
antero-posteriorly,  and  can  frequently  be  seen  in  fresh  specimens. 

Life  history. — See  p.  23. 

KEY^<  TO  THE  GENERA  OF  TREMATODA  REPORTED  FOR  ^fAN. 

(For  species  parasitic  in  man  and  thus  far  found  in  the  United  States,  follow  roman 

type. ) 

1.  Two  suckers  (acetabula)  present 2 

One  sucker  (acetabulum)  present  (Monostomidae) Xonostomulum  (p.  12) 

2.  Ventral  acetabulum  ou  ventral  surface  of  anterior  half  of  body 3 

Ventral  acetabulum  at  posterior  end  of  body,  terminal  or  subterminal  {Param- 

jjhistomidee) Gastrodiscus  (p.  45) 

3.  Monecious  (hermaphrodites)  (Fasciolidae) 4 

Diecious  (sexes  separated)  (Schistosomidae) Schistosoma  (p.  50) 

FASCIOLID^E. 


4.  yiature  distomes,  or  worms  developed  at  least  to  a stage  which  permits  a 

determination  of  the  genus 5 

Immature  distomes,  or  forms  not  sufficiently  developed  to  permit  a deter- 
mination of  the  genus Agamodistomum  (p.  12) 

5.  Genital  pore  not  surrounded  by  a circular,  muscular,  acetabulum-like  struc- 

ture  6 

Genital  pore  jjostero-lateral  of  acetabulum  and  surrounded  by  a circular,  muscu- 
lar structure  which  looks  like  a third  acetabulum Heteropjhyes  (p.  43) 

6.  Genital  pore  between  oral  sucker  and  acetabulum 7 

Genital  pore  postero-median  or  postero-lateral  of  acetabulum.  .Pa mgOR onus  (p.  15) 

7.  Intestinal  ceca  dendritic Fasciola  (p.  21) 

Intestinal  ceca  not  dendritic 8 

8.  Body  large,  usually  over  25  mm.  long,  and  14  nim.  broad;  ovary  branched; 

vitellogene  glands  extend  to  posterior  end  of  body,  caudad  of  testicles. 

Fasciolopsis  {p. 

Body  usually  less  than  20  mm.  long,  and  rarely  over  5 mm.  broad;  ovary 

not  branched;  vitel4og^»e-giandsd<>  not-es4end  Ciaudad-Aif  testieiee 9 


9.  Testicles  anterior  of  ovary  and  uterine  coils Dicrocceliurn  (p.  28) 

Testicles  posterior  of  ovary  and  uterine  coils OpAsthorchis  (p.  30) 


«This  key  is  based  primarily  upon  the  species  found  in  man,  and  on  this  account 
should  not  be  relied  upon  for  other  species  found  in  other  animals. 


OPHTHALMIC  DISTOMATOSIS. 


On  onl}"  two  occasions  have  trematodes  been  reported  for  the  human 
eve,  but  neither  of  the  parasites  is  well  described.  For  a full  dis- 
cussion of  these  cases,  with  Engdish  translations  of  the  original 
observations,  also  with  bibliography  and  synon3mi}y  see  Stiles  (1902, 
pp.  24-35,  ph  3,  figs.  2-5).  Cases  of  similar  infection  are  described 
for  fish. 

Family  MONOSTOMID.E. 

Collective  group  MONOSTOMULUM  Brandes,  1892. 

Generic  diagnosis. — Monostomidse:  An  artificial  collective  group  to  contain  agamic 
monostomes  in  which  the  characters  are  not  sufficiently  developed  to  permit  of  an 
exact  generic  determination.  Such  an  artificial  group  does  not  have  any  type 
species. 

The  Eye  Monostome— MONOSTOMULUM  LENTISa  (Gescheidt,  1833)  Brandes, 

1892 — of  Man. 

[Ao  illustrations  published.] 

Specific  diagnosis. — Monostomuhim:  One-tenth  of  a line  (0.22  mm.)  long. 

Habitat. — In  crystalline  lens  of  eye  of  man  [Homo  sapiens),  in  Odessa. 

Family  FASCIOLID.E. 

Collective  group  AGAMODISTOMUM  & Stossich,  1892. 

Generic  diagnosis. — Fasciolidse:  An  artificial  collective  group  to  contain  agamic 
distomes  in  which  the  characters  are  not  sufficiently  developed  to  permit  of  an  exact 
generic  determination.  Such  an  artificial  group  does  not  have  any  type  species. 

Synonyms. — 1 Fasciola  liepatica  Linnaeus,  1758  [seep.  22];  “ Honostomen”  Nord- 
mann,  1832;  Monostoma  lentis  Gescheidt,  1833;  Monostonmm  lentis  (Gescheidt,  1833) 
Diesing,  1850;  Festucaria,  lentis  (Gescheidt,  1833)  Moquin-Tandon,  1860;  Distoma 
oplithalmohimn  Diesing,  1850”  of  Cobhold,  1864,  in  part;  Monostomulum  lentis 
(Gescheidt,  1833)  Brandes,  1892;  1 Agamodistomurn  ophthalmohium  [see  p.  — ]; 
1 Dicrocoelium  lanceatum  Stiles  & Hassall,  1896  [see  p.  — ]. 

& Synonyms. — Agamodistomum  Stossich,  1892;  Distomulum  Brandes,  1892;  Agamo- 
distoma  Stossich,  1898. 
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Plate  1, 


3 


Haines,  del. 


Dorsal  and  Ventral  Views  of  Aqamooistomum  ophthalm-obium. 


Fig.  1.  "y Qntvsl  ot  Agamodistomum  opUtliahnohium.  (After  von  Ammon, 

1838,  pi.  12,  fig.  24.) 

Fig.  2.  “Dorsal”  (lateral?)  view  of  same.  (After  von  Ammon,  1838,  pi.  12, 
fig.  25.) 

Figs.  3,  4.  Two  other  views  of  same  in  different  stages  of  contraction.  (After 
von  Ammon,  1841,  pi.  14,  figs.  19,  20.) 

Note  that  in  fig.  1,  published  in  1838,  a ventral  acetabulum  is  distinct;  in  figs.  3 
and  4,  published  in  1841,  no  ventral  acetabulum  is  evident. 
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TheEyeDistome— AGAMODISTOMUM  OPHTHALMOBIUMa  (Diesing,  1850) 

Stossich,  1892 — of  Man. 

[Figs.  1 to  4.] 

Specific  diagnosis. — Agamodisioynum:  Body  ovate-lanceolate,  variable,  one-fourth 
to  one-half  line  long,  one-sixth  of  a line  broad.  Month  terminal  to  subterminal, 
orbicular.  Acetabulum  one-third  larger  than  oral  sucker,  subcentral,  with  circular 
aperture. 

Habitat. — Between  crystalline  lens  and  its  capsule,  in  eye  of  man  [Homo  sapiens), 
in  Dresden. 


^Synonyms. — ‘‘Distomen”  Ammon,  1833;  Distoma  oculi  /mmcmi  Gescheidt,  1833; 
Distomum  ophthalmohium  Diesing,  1850;  Distoma  ophthahnobium  (Diesing,  1850) 
Kiichenmeister,  1855;  Dicrocoelium  oculi  hiimani  (Gescheidt,  1833)  Weinland,  1858; 
“Distoma  ocular e Nordmann”  of  Moquin-Tandon,  I860;  Fasciola,  ocularis  Moquin- 
Tandon,  1860;  Fasciola  oculis  Moquin-Tandon,  1861;  Distoma  ocular  de  Bonis,  1882; 
Agamodistomum  ophthalmohium  (Diesing,  1850)  Stossich,  1892;  ‘I Dicrocoelium  lanceatum 
Stiles  & Hassall,  1896  [see  p.  29];  “Distom.  okuli  humani  Ammon”  of  Schneidemiihl, 
1896. 


PULMOXARY  DIST0MAT08IS  OR  PARASITIC  HEMOP- 
TYSIS AND  CEREBRAL  DISTOMATOSIS  OR  JACKSON- 
IAN (CORTICAL)  EPILEPSY. 


Pulmonary  clistomatosis  is  the  primary,  cerebral  clistomatosis  the 
secondary  infection,  and  ^hile  it  is  not  excluded  that  cerebral  infec- 
tion may  take  place  in  connection  with  hepatic  or  venal  infection,  still 


Fig.  9. — Section  of  a cyst  in  the  lon  er  lobe  of  a cat’s  left  lung  containing  two  lung  flukes.  A,  B, 
cro.s.s-sections  of  the  two  worms;  a,  a,  parenchyma  of  the  worms;  b,  b,  cuticle,  Avith  spines;  c,  c, 
intestinal  ceca;  d,  a part  of  the  ovary;  e,  vitellaria; /,  shell  gland;  g,  eggs  in  the  uterus;  h,  cyst 
Avail;  i,  flattened  epithelial  cells  forming  the  lining  of  the  cyst;  J,  schleim  glands  in  the  A\-all  of  the 
cy.st.  X 11.  (After  Katsurada,  1900,  pi.  14,  fig.  1.) 

as  a matter  of  fact  it  has  been  reported  only  in  Asia,  where  it  occurs 
in  connection  with  I\(ra(/o/ii?nu6--infection  of  the  lung-.s.  The  para- 
sites are  also  recorded  for  the  liver,  peritoneum,  testicles,  etc. 

Clixical  diagxosis. — Examine  fresh  unstained  sputum  for  eggs 
(tigs.  11-12). 

Symptoms. — Cough,  spitting  of  tenacious,  rusty,  or  bloody  sputum; 
in  cerebral  infection,  also  epileptic  attacks. 
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Plate  2 


5 


Lungs  of  Swine  Infected  with  Flukes. 


Fig.  5.  The  lungs  of  a hog,  showing  the  cysts  caused  by  infection  with  lung 
flukes  {Paragonimus  icestermanii) . Reduced.  (After  Stiles  & Hassall,  1900, 
pi,  28.) 


Lung  Flukes  of  Swine. 


Fig.  6.  A portion  of  hog’s  lung,  containing  a lung-fluke  cyst,  which  is  here  cut 
open.  (After  Stiles  & Hassall,  1900,  pi.  24,  fig.  1.) 

Fig.  7.  Six  lung  flukes --(Parag^ommus  westermanii)  from  hogs.  Drawn  from 
life;  slightly  reduced ; natural  color.  (After  Stiles  & Hassall,  1900,  pi.  24,  fig.  2.) 

Fig.  8.  Content  of  a lung-fluke  cyst,  containing  eggs  of  the  lung  fluke.  Greatly 
magnified.  (After  Stiles  & Hassall,  1900,  pi.  24,  fig.  3.) 
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«Syxonyms. — Paragonimus  Braun,  1899;  Polysarcus  Looss,  1899  [notFieb.,  1853, 
orthopteron.] 


Tkeatmext. — Send  patient  to  noninfected  region,  thus  preventing 
reinfection;  specific  treatment  unknown. 

For  a detailed  discussion  of  this  subject,  with  review  of  the  medical 
literature,  see  Stiles  & Hassall  (1900,  pp.  560-611). 


Fig.  10. Section  of  a cyst  in  the  lower  lobe  of  the  left  lung  of  a man  containing  a lung  fluke.  A, 

diagonal  section  of  the  worm;  a,  parenchym;  b,  cuticle,  with  spines;  c,  intestinal  ceca;  d,  testicles, 
c,  Yitellaria;  /,  eggs  in  the  uterus;  g,  ventral  acetabulum;  h,  excretory  system;  i,  cyst  wall;  j,  cylin- 
der epithelium  in  part  ciliated,  x 12.  (After  Katsurada,  1900,  pi.  1-4,  fig.  2.) 


Family  FASCIOLID^E. 

Genus  PARAGONIMUS « Braun,  1899. 

Generic  diagnosis. — Fasciolidir:  Body  medium  large,  thick,  elongate,  frequently 
oval,  and  on  cross  section  more  or  less  round,  usually  somewhat  attenuate  toward 
posterior  extremity.  Cephalic  cone  wanting.  Skin  provided  with  scale-like  spines. 
Acetahulum  near  equator.  Intestine  with  strong,  somew  hat  elongate  pharynx;  very 
short  esophagus;  intestinal  ceca  zigzag,  extending  to  caudal  end  of  the  body.  Median 
excretory  stem  (or  bladder)  large  dorso-ventrally,  irregular  in  outline,  and  extending 
cephalad  to  near  the  pharvnx.  Genital  pore  near  caudal  margin  of  ventral  acetabu- 
lum, in  median  line  or  to  the  right  or  left.  Copulatory  organs  (cirrus)  absent.  _ Male 
organs:  Testicles  round  (?),  or  branched,  in  posterior  half  of  body,  one  each  side  of 
median  line  and  one  slightly  posterior  of  the  other.  Female  organs:  Ovary  some- 
what branched,  the  branches'  being  thick  and  short,  and  the  organ  located  postero- 


16 


«Vv 


lateral  of  the  ventral  acetabulum,  on  the  side  (right  or  left)  of  the  median  line  opjjo- 
site  to  the  main  portion  of  the  uterus;  receptaculmn  seminis  absent;  Laurer’s  canal 

present ; vitellaria  enor- 
mously developed,  ex- 
tending from  anterior  to 
j)osterior  end  of  the  body 
and  located  (as  seen  in 
cross  section)  on  the  pe- 
riphery, usually  leaving 
a longitudinal  free  space 
both  in  tlie  dorsal  and 
ventral  median  field. 
The  transverse  vitello- 
ducts  pass  cephalad  of 
the  testicles,  hut  caudad 
of  ovary  and  uterus. 
Uterus  may  he  only 
slightly  developed,  or 
may  form  a compara- 
tively large-sized  rosette 
more  than  half  as  broad 
as  the  body;  it  may  be 
located  entirely  on  one 
side  (right  or  left)  of 
Fig.  11. — Sputum  of  man  containing  eggs  of  the  lung  flukes,  greatly  median  line,  or  may  ex- 
enlarged.  (After  Manson,  1900,  p.  5G8,  fig.  84.)  both  sides  of  median 

line,  partially  covering  the  ovary.  Eggs  rather  large,  about  80  to  118  ji  long  by 
48  to  60  j.i  broad.  Embryo  develops  after  oviposition. 

Habitat. — Encysted,  usually  two  in  each  capsule,  in  lungs  of  mammals. 

Type  species. — Paragonimus  u'estermanii  (Kerbert,  1878). 


The  Asiatic  Lung  Fluke— PARAGONIMUS  Vv  ESTERMANII  « (Kerbert,  1878) 

Stiles  & Hassall,  1900 — of  Man. 

[Figs.  5 to  16.] 

Specific  diagnosis. — Paragonimus:  8 to  16  mm.  (after  Kelhcott  15  to  20  mm. ) long, 
4 to  8 mm.  broad,  2 to  5 mm.  thick;  plump,  pinkish  to  reddish-brown  (alive)  or 
slate  (preserved)  in  color;  live  specimens  are  depressed  and  with  variable  outline; 
jireserved  specimens  often  oval  to  elongate  pyriform,  transverse  section  round  or 
nearly  so,  anterior  end  bluntly  rounded,  posterior  end  less  blunt.  Oral  sucker  0.53 
to  nearly  0.75  mm.  (Leuckart)  or  more  (0.864  by  1.017  mm.  or  1 to  1.4  mm.  )& 
(AVard);  or  0.80  to  1.12  by  0.80  to  0.83  mm.  (Stiles  ck  Hassall);  0.78  (Kerbert)  in 

^Synonyms. — Distoma  u'estermanii  Kerbert,  1878;  D i stoma  ring eri  Coh\)o\(\,  1880; 
Gregarina  indmonmn  Baelz,  1880;  Gregarina  fasca  Baelz,  1880;  Distomum  westermani 
Kerbert,  1881;  Distoma  pulmonis  Kiyona,  Suga,  and  Yamagate  (1881);  Distomum 
pulmonis  Kiyona,  Suga,  and  Yamagate  (1881);  Disloma pulmonale  P>ae\z,  1883;  Distoma 
pulmonar  La  Clinica  de  Malaga,  1883;  Distoma p>ulmonum  (Baelz)  Tomono  Hidekata, 
1883;  ^ ^ Distoma  heimticum  lArmP  of  Miura,  1889;  Distomum  ringeri  (Cobbold,.  1880) 
von  Linstow,  1889;  Distomum  u'estermanni  Leuckart,  1889;  Distomum  2^ulmonale 
(Baelz)  Leuckart,  1889;  Distomum  cerebrate  Yamagiwa,  1890;  Distoma  ringers  Rev. 
^c\.,  ' ^lesogonimus  U'estermanni  (Kerbert,  1878)”  Railliet,  1890;  Mesogonimus 

pulmonalis  (Baelz,  1883)  Railliet,  1890;  Mesogonimus  ringeri  (Cobbold,  1880)  Railliet, 
1890;  Distoma  u'estermani  (Kerbert,  1881)  "Weber,  1891;  Distoma  u'estermanni 
(Leuckart)  Blanchard,  1891;  Mesogonimus  indmonale  (Baelz,  1878)”  Stossich,  1892; 
“Distoma  {Mesogonimus)  u'estermanni  Kerbert,  1878,”  of  Stiles,  1894;  Distomum  sj). 
of  Kellicott,  1894;  Distomi  ringeri  (Cobbold,  1880)  Simon,  1897;  Paragonimus  u'ester- 
manii (Kerbert,  1878)  Stiles  & Hassall,  1900. 

^Suckers  distorted,  measurements  not  exact. — Ward. 
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Fig.  12. — Egg  of  the  lung  fluke 
showing  the  ovic  cell  and  a 
number  of  vitelline  or  yelk 
cells.  Note  also  the  cap  or  oper- 
culum. X 1,000.  (After  Kat- 
surada,  1900,  p.  507,  fig.  3.) 


irregularly  to  posterior  ex- 
tremity. Genital  pore,  often 
indistinct,  close  to  the  caudal 
margin  of  ventral  acetabulum, 
may  be  in  the  median  line  or 
immediately  to  the  right  or  left 
of  it.  Male  organs:  Cirrus  and 
cirrus  pouch  absent;  ductus 
ejaculatorius  straight;  testicles 
tubular,  ramified,  one  slightly 
posterior  of  other,  on  each 
side  of  median  line.  Female 
organs:  Ovary  branched,  lat- 
eral, right  or  left  of  median 
line,  somewhat  posterior  of 
acetabulum  and  antero-ventral 
of  transverse  vitello-duct;  on 
the  opposite  side  of  median 
line,  at  about  the  same  height, 
is  situated  a lobate  shell  gland 
and  a rather  short,  massed 
uterus;  in  some  specimens  the 
latter  may  spread  across  the 
median  .line  and  partially 
cover  the  ovary;  folds  of  uterus 
extend  ventrally  of  shell 
gland;  vitellaria  marginal, 
highly  developed,  extending 
from  anterior  to  posterior  ex- 
tremity, often  leaving  but  a 
small  portion  of  the  dorsal  and  ventral  median  field  uncovered;  transverse  vitello- 
ducts  dorsal;  vitelline  reservoir  large;  Laurer’s  canal  present.  Fggs  oval,  80  to  100  p 


Fig.  13.— Ventral  view  of  a compressed  specimen  of  a lung 
fluke  from  a hog.  Greatly  enlarged.  (After  Stiles  & 
Hassall,  1900,  p.  563,  fig.  24.) 


diameter,  terminal  or  subterminal  in  different  specimens  from  the  same  lung. 
Ventral  acetabulum  (0.6  to  at  most  0.75  mm. — Leuckart;  0.78  mm. — Kerbert; 
0.75  to  1.017  mm. — Ward;  0.88  to  1.2  by  0.86  to  1.44 
mm. — Stiles  & Hassall)  very  slightly  larger  than  oral 
sucker;  situated  somewhat  anterior  of  equator  of  the  body, 

2 to  4 mm.  back  of  oral  sucker.  Skin  provi^led  with  broad 
scale-like  spines. « Pharynx  elongate;  esophagus  very 
short,  so  that  the  bifurcation  of  the  intestine  is  consider- 
ably anterior  of  the  ventral  acetabulum;  intestinal  ceca 
usually  somewhat  zigzag,  some  distance  from  each  other,  run 


« Largest  in  the  middle  of  the  body,  after  Leuckart,  but  larges.t  on  anterior  portion, 
after  Kerbert;  smallest  around  moutlq  after  Stiles  & .HassalL 
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long  by  56  ji  broad  (Leuckart);  96  to  118  ji  long  by  48  to  53  /i  broad  (AVard);  68  to 
96  jii  long  by  48  to  60  m broad  (Stiles  & Hassall);  yellow  shell.  Aliracidium  ciliated, 

develops  after  eggs  leave  the  host. 
Sporocyst,  redia,  cercaria,  and  inter- 
mediate host  undetermined. 

Habitat. — Lungs  and  brain  (occa- 
sionally in  other  parts  of  the  body), 
royal  tiger  {Felis  tigris),  domesticated 
cat  {Felis catus domestica) , domesticated 
dog  ( Caj}  is  f am  ilia  ris) , swine  {Susscro  fa 
domestica) , and  man  {Homo  saj^iens). 

Geogeaphic  distributiox. — China, 
Japan,  Formosa,  occasional  imported 
cases  in  Europe,  some  cases  of  en- 
demic infection  in  the  United  States. 


Fig.  14. — Ventral  vieAv  of  a lung  fluke  from  man  show- 
ing anatomy:  ac,  acetabnlum;  ex.  c,  excretory  ca- 
nal; f.  intestinal  ceca;  or,  ovary;  f,  testicles.  (After 
Leuckart,  1889,  p.  405,  fig.  182.) 


From  the  medical  point  of  view  this 
is  one  of  the  most  important  flukes, 
hut  from  the  agricultural  standpoint 
it  is  less  important  than 
Fasciola  JtejXJ.tica  (see 
p.  22).  Thus  far  the 
Asiatic  lung  fluke  has 
been  reported  for  this 
country  for  the  cat  (at 
Ann  Arbor,  Mich.),  the 

dog  (at  Columbus,  Ohio),  and  the  domesticated  hog  (at  the 
abattoirs  in  Cincinnati,  Ohio).  One  (imported)  case  in  man 
has  recently  been  found  in  Portland,  Oreg.  It  should  be 
held  in  mind  in  connection  with  American  troops  who 
return  from  service  in  the  Philippines. 


Fig.  15. — Dorsal  view  of  a lung  fluke  from  man 
showing  ovary,  shell  gland,  vitellaria,  and 
Laurer's  canal.  (After  Leuckart,  1889,  p. 
186,  fig.  428.) 


Fig.  16.— Egg  of 
the  lung  fluke 
from  man  con- 
taining a cili- 
ated embryo, 
and  showing 
the  cap  or  oper- 
culum at  one 
end.  (After 
Xakahama, 


Genus  FASCIOLA  Linnaeus,  1758. 


' For  diagnosis,  see  p.  21. 

Although  pulmonary  distomatosis  is  usually  caused  by  flukes  of  the 
genus  Paragonimv.s,  it  occasionally  happens  that  the  liver  flukes  (genus 
Fasciola)  are  found  in  the  lungs  of  various  animals.  One  case  of  such 
infection  in  man  has  been  reported.  The  species  in  question  was — 
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The  Giant  Liver  Fluke — FASCIOLA  GIGANTICA^  Cobbold,  1856 — of  Giraffes, 

Cattle,  Sheep,  Goats,  and  Man. 


[Figs.  17  to  18.] 


Specific  diagnosis. — 
Fasciola:  25  to  75  mm. 
long  by  3 to  12  mm.  broad, 
flat,  oblong,  lanceolate; 
anterior  end  cylindrical, 
attenuate;  sides  nearly 
jiarallel  for  greater  part 
of  length,  especially  of  the 
anterior  half;  posterior 
end  obtuse.  Oral  sucker 
1.12  mm.  in  diameter; 
ventral  acetabulum  some- 
v’hat  larger.  Skin  with 
spines.  Pharynx,  — ? — ; 
esophagus  extends  nearly 
to  acetabulum;  intestinal 
ceca  more  p r o f u s e 1 y 
Vjranched  than  in  F.  hepa- 
tica.  Genital  iiore  me- 
dian, about  halfway  between  mouth  and 
acetabulum.  Male  organs:  Similar  to 
those  of  F.  hepatica,  but  the  testicles  are 
more  profusely  and  delicately  branched 
and  do  not  extend  so  far  caudad.  Fe- 
male organs:  In  general  similar  to  those 
of  F.  hejjatica,  but  more  profusely  and 
delicately  branched.  Fggs,  150  to  190 
u long  by  75  to  90  p broad.  Sporocyst, 
redia,  cercaria  and  intermediate  host 
undetermined. 

Habitat. — Liver  of  giraffe  ( Giraffa 
Camelopardalis) , cattle  {Bos  taurus) , zebu 
{Bos  indicus),  buffalo  {Bos  hubalis), 
sheep  {Oris  aries),  goats  {Capra  hircus), 
in  Africa.  One  case  reported  for  lungs 
of  man  {Homo  sapiens). 


Giant  Liver 
Fluke  {Fasci- 
ola gigantica 
[F.  hcpatica 
?cggj)tiacaY), 
drawn  from 
one  of  Looss’s 
specimens, 
natural  size. 
(After  Stiles, 
1898,  p.  49,  fig. 
25.) 
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« Veknacular  names. — The  giant  liver 
fluke;  the  narrow  liver  fluke;  the  Egyp- 
tian liver  fluke. 

Synonyms. — Fasciola  gigantica  Cob- 
bold,  1856;  Distomum  giganteuin  Dies- 
ing, 1858;  Bistoma  liepaticum  (in  part) 
of  Gervais  & van  Beneden,  1859;  Fasciola 
giganiea  {Blesing)  Cobbold,  1858;  Clado- 
coelium  giganteuin  f Diesing)  Stossich, 
1892,  in  part;  Fasciola  hepatica  angusta 
Bailliet,  1895;  Fasciola  hepatica  regyp- 
tiaca  Looss,  1896;  Fasciola  angusta. 

Bibliography. — F or  bibliography 
and  technical  discussion,  see  Stiles  (1895, 
pp.  139-143) ; Looss  (1902,  pp.  782-783). 
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HEPATIC  HISTOMATOSIS. 


At  least  five  species  of  parasites  have  been  reported  in  connection 
with  hepatic  distoma tosis  in  man;  all  are  members  of  the  family 
Fasciolidae. 

Clinical  diagnosis. — Make  microscopic  examination  of  fresh, 
unstained  feces  for  eggs;  also,  examine  sputum  and  urine  for  eggs, 
as  the  ova  in  pulmonary  and  venal  distomatosis  may  be  discharged 
per  anum;  hence,  finding  eggs  in  feces  without  excluding  distomatosis 
of  lungs  and  veins  ma}"  lead  to  error  in  diagnosis  (see  pp.  14,  49). 

Symptoms. — Best  studied  for  epizootic  distomatosis  caused  by 
Fasciola  hepatica  in  sheep:  (1)  Period  of  traumatic  inflammation  of 
liver,  symptoms  may  be  indefinite,  no  eggs  in  feces;  (2)  period  of 
anemia,  positive  diagnosis  may  be  made  by  finding  characteristic  eggs 
in  feces;  (3)  period  of  emaciation,  atrophy  of  liver;  (4)  period  of 
emigration  of  flukes.  For  more  detailed  discussion  in  English,  see 
Stiles  (1898,  pp.  29-57). 

Ta3dor  (1884,  pp.  48-57)  gives  the  following  symptoms  for  infection 
of  man  with  OpisthorcMs  sinensis: 

The  dwellers  in  these  villages  are  attacked  irrespective  of  age,  sex,  or  physical  con-  , 
dition.  Young  children  are  among  the  sufferers.  When  one  in  a family  is  found 
infected,  several  members  of  the  family  generally  present  the  same  s}’mptoms  in  a 
greater  or  less  degree.  In  this  respect  this  disease  offers  a contrast  to  Endemic 
Heemoptysis.  A very  large  ratio  of  the  inhabitants  of  the  villages  mentioned  are- 
victims  of  the  parasite.  Some  native  practitioners  place  the  estimate  at  1 in  every 
7,  while  others  make  it  as  high  as  1 in  every  5 of  the  whole  population. 

Symptoms  and  course. — One  of  the  first  and  most  prominent  symptoms  is  the  enlarge- 
ment of  the  liver,  followed,  attended,  or  preceded  by  diarrhoea.  At  first  the  diar- 
rhoea is  irregular  and  intermittent,  the  attacks  gradually  become  more  frequent  and 
lasting  longer,  till,  after  a period  of  from  2 to  5 years,  there  may  be  hardly  any  inter- 
val between  them.  The  stools,  which  may  or  may  not  be  dark  and  bloody,  some- 
times reach  12  in  a day.  In  some  cases  bloody  diarrhoea  becomes  after  a time 
almost  constant,  while  in  others  blood  appears  in  the  stools  only  at  irregular  inter- 
vals. The  liver  continues  to  increase  in  size,  though  at  times  it  apparently  dimin- 
ishes temporarily.  There  may  be  occasional  tenderness  over  the  hepatic  region,  or 
more  or  less  constant  pain.  Jaundice,  sometimes  intermittent,  is  a frequent  syrhp- 
tom.  There  is  generally  a dark  ashen  discoloration  of  the  skin.  The  temperature 
varies  between  99°  and  100.5°  F.,  or  may  remain  normal.  The  pulse,  though  gen- 
erally about  normal,  frequently  rises  to  85°  or  100°.  After  a time  anasarca,  likewise 
intermittent,  appears  and  affects  the  legs  especially.  Ascites  is  also  very  likely  to 
20 
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occur,  increase  for  a time,  and  then  gradually  diminish,  to  appear  again  and  again. 
The  patient  is  reduced  by  diarrhoea,  becomes  emaciated,  and  grows  anaemic  and  weak, 
but  the  appetite  is  usually  preserved.  Thus  it  happens  that  the  victims  of  this  dis- 
ease are  frequently  reduced  so  low  that  their  life  is  dispared  of,  yet  they  gradually 
recover  and  become  apparently  almost  well.  By  and  by,  however,  relapse  occurs, 
and  the  same  process  is  repeated  again  and  again,  ground  being  lost  on  each  occasion, 
until  at  length,  worn  out  by  exhaustion,  the  patient  after  many  years  of  illness  dies. 
Whether  any  fully  recover  is  not  stated,  or  whether  a change  of  locality  is  attended 
by  continuous  convalescence  is  not  yet  known.  Recovery  after  becoming  the  victim 
of  Distoma  hepaticuin  [0.  sinensis']  must  at  best  be  problematic.  When  in  an  affected 
locality  a case  of  enlargement  of  the  liver  and  diarrhoea  presents  itself,  careful  exam- 
ination of  the  feces  is  generally  rewarded  by  finding  the  ova  of  the  Distoma. 

Many  of  these  patients  are  troubled  with  skin  diseases,  but  being  of  a poor  class 
and  living  in  a more  or  less  filthy  condition  the  skin  disease  may  have  no  connection 
with  the  diseased  liver. 

Treatment. — No  specific  treatment;  remove  patient  to  noninfected 
area,  or  if  kept  at  home  avoid  further  infection  and  give  nourishing 
food.  Salol  has  recently  been  reported  as  effective  in  liver-fluke  dis- 
ease in  sheep,  but  the  results  obtained  are  not  yet  published  in 
sufficient  detail  to  permit  of  a satisfactory  opinion. 

Family  FASCIOLIDvE. 

Genus  FASCIOLA  « Linnaeus,  17B8. 

Generic  diagnosis. — Fasciolidse:  Body  quite  large,  broad,  and  flat;  the  anterior 
portion  differentiated  into  a conical  cephalic  cone,  and  usually  quite  w’ell  defined 
from  the  broader,  flatter,  leaf-like  portion.  Skin  provided  with  strong  spines.  Aceta- 
bulum near  base  of  cephalic  cone,  and  of  about  the  same  size  as  the  oral  sucker. 
Intestine  with  well-developed  pharynx,  short  esophagus,  and  long  intestinal  ceca; 
the  latter  extend  to  the  extreme  aboral  pole  of  the  body,  and  are  provided  with 
numerous  long  lateral  and  fewer  and  shorter  median  branches;  these  branches  may 
branch  secondarily.  Excretory  system  highly  developed.  Genital  pore  median  at 
base  of  cephalic  cone,  and  anterior  of  ventral  acetabulum.  Copulatory  organs 
present,  genital  glands  about  in  the  middle  of  the  body.  Male  organs:  Testicles 
side  by  side  or  one  diagonally  posterior  of  the  other,  both  caudad  of  the  ovary 
and  transverse  vitelloduct,  and  profusely  branched.  Female  organs:  Ovary  lateral 
of  median  line,  anterior  of  transverse  vitelloduct,  posterior  of  acetabulum,  pro- 
fusely branched.  Receptaculum  seminis  absent;  Laurer’s  canal  present.  Vitel- 
laria  very  profusely  developed,  extending  from  base  of  cephalic  cone  to  extreme 
aboral  pole,  and  occupying  nearly  the  entire  posterior  portion  of  body,  especially  the 
margins  except  the  portion  occupied  by  the  testicles,  ovary,  and  uterus;  uterine  coils 
form  a rosette  between  testicles  and  acetabulum.  Eggs  not  especially  numerous,  but 
large,  with  development  after  oviposition. 

Habitat.— Liver  of  mammals,  especially  herbivorous  animals. 

Type  species. — Fasciola  hepatica  Linmeus,  1758,  of  ruminants. 

« Synonyms. — Fasciola  Linnaeus,  1758;  Planaria  Goeze,  1782  (not  Mueller,  1776); 
Distoma  Retzius,  1782  (not  Savigny,  1816);  Distoma  {Cladocoelium)  Dujardin,  1845; 
Fasciolaria  Anonymous,  1845;  Distomum  Diesing,  1850;  Cladocalium  Pontallie,  1853; 
Distomum  {Fasciola)  Leuckart,  1863;  Cladocoelium  (Dujardin)  Stossich,  1892;  Phasci- 
ola  Wilder,  1894. 
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The  Common  Liver  Fluke — FASCIOLA  HEPATICA«  Linnaeus,  1758 — of  Rumi- 
nants, Man,  etc. 

[Figs.  19  to  38.] 

Specific  diagnosis. — Fasciola:  18  to  51  mm.  long,  4 to  13  mm.  broad;  pale  brown 
to  slate  in  color;  the  anterior  3 to  5 mm.  forms  a rather  thick  conical  portion  which 
is  more  or  less  distinctly  defined  from  the  broad,  flat,  leaf-like  body  of  elongate-oval 
form;  this  latter  widens  rapidly  to  the  maximum  breadth,  then  decreases  gradually 
in  width  to  the  posterior  end,  which  is  bluntly  pointed.  Oral  sucker  about  1 mm.  in 
diameter,  round,  terminal,  but  inclines  ventrad.  Ventral  acetabulum  about  1.6  mm. 
in  diameter,  situated  about  3 to  4 mm.  caudad  of  oral  sucker.  Skin  provided  with 
numerous  spines  placed  side  by  side  in  alternating  rows  extending  ventrally  as  far  as 
the  posterior  border  of  the  testicles,  but  dorsally  not  so  far;  smaller  on  the  cephalic 
cone  than  on  the  body.  Pharynx  elongate  0.7  mm.  long;  e.sophagus  0.4  mm.  broad, 
rarely  over  1 to  1.5  times  as  long  as  the  pharynx,  so  that  the  bifurcation  of  the 
intestine  is  immediately  anterior  of  the  genital  pore;  intestinal  ceca  dendritic,  some 
branches  extending  into  the  cephalic  cone,  and  the  posterior  end  of  the  ceca  extend- 
ing to  caudal  extremity  of  worm;  lateral  branches  longer,  much  more  profuse,  and 
more  numerous  than  median  branches.  Genital  pore  median,  about  halfway 
between  the  oral  sucker  and  acetabulum.  Male  organs:  Cirrus  fre- 

Oquently  found  extruded  from  ]Dore,  and  then  recurved;  cirrus  pouch 
present,  containing  pars  prostatica  and  vesicula  seminalis;  testicles 
profusely  branched,  situated  for  the  greater  part  caudad  of  the  trans- 
verse vitelloduct.  Female  organs:  Vulva  at  side  of  cirrus;  uterus 
forms  a rosette  with  numerous  coils,  and  is  frequently  visible  to  the 
naked  eye  as  a dark-brown  spot  immediately  posterior  of  the  ventral 
acetabulum ; ovary  branched  and  anterior  of  the  transverse  vitello- 

FiG.  19.  — The  yitellaria  profuselv  branched  and  occupv  the  entire  margin  of 

Conmiori  X,«iv0r  / ± a * o 

Fluke  {Fascio-  body  from  the  acetabulum  to  the  posterior  extremity;  they  lie 

hi  hepatica),  dorsally  as  well  as  ventrally  of  the  intestine,  and  become  broader 
natural  size,  posteriorly.  Excretory  system  highly  developed.  Fggs  (fig.  21) 
(After  Stiles,  ^30  to  145  /c  long  bv  70  to  90  //  broad;  miracidium  (figs.  22-23)  ' 

_ conical,  ciliated,  with  oral  papilla,  two  cup-shaped  eye-spots,  and 

rudimentary  intestine;  metamorphosis  (sporocyst,  redia,  cercaria) 
takes  place  in  small  snails  of  the  genus  Limnsea  {L.  t runcatul a a.nd  others,  figs.  34-38); 
cercaria  (fig.  23)  whitish,  owing  to  excessive  development  of  the  capsule  glands; 
encysts  upon  plants. 

Habitat. — Gall  ducts,  occasionally  lungs,  or  other  portions  of  the  body  of  cattle 
{Bos  taurus),  sheep  {Ovis  aries),  swine  {Sus  scrofa  domestica),  and  other  mammals; 
rare  in  man  {Homo  sapiens). 


« Vernacular  names. — English,  Common  Liver  FhiJce;  German,  Leberegel,  I^eher- 
ivurm,  Schafegel;  Dutch,  Botten,  Leverirorm;  Danish,  Faareflynder;  Swedish,  Lever- 
rnasJ:;  Erench,  Douve  hepatique,  fasciola;  Italian,  hiscuola,  distoma  epatico;  Spanish, 
caracolillo. 

Synonyms. — Fasciola  hepatica  Linmeus,  1758;  Planaria  latiuscida  Gceze,  1782; 
Distoma  hepaticurn  (Linnaeus)  Abildgaard  (?);  Fasciola  liumana  Gmelin,  1790;  Dis- 
toma {Cladocoelium)  hepaticurn  (Linmeus)  of  Dujardin,  1845;  Fasciolaria  hepatica 
(Linnaeus)  Anonymous,  1845;  Distomum  hepaticurn  (Linnaeus)  Diesing,  1850;  Distomum 
{Fasciola)  Linnaeus  of  Leuckart,  1863;  Cladoccelium  hepaticurn  (Linnaeus) 

Stossich,  1892, 

Bibliography. — For  bibliography,  see  Hassall  (1894)  and  Huber  (1894).  For 
more  technical  discussion  of  this  species,  see  Leuckart  (1889,  pp.  179-328). 

For  a summary  of  the  32  cases  thus  far  reported  for  man  see  Blanchard,  1888a, 
pp.  589-595;  Leuckart,  1889,  pp.  313-328,  or  Moniez,  1896,  pp.  103-111.  For  a gen- 
eral discussion  of  this  parasite  in  English,  see  Stiles,  1898,  pji.  29-48. 


23 


This  worm  is 
very  common  in 
Europe  and  not 
uncommon  in  the 
United  States. 
From  an  agricul- 
tural standpoint  it 
is  the  most  impor- 
tant of  the  flukes, 
but  from  a stand- 
point of  human 
medicine  it  is  much 
less  important 
than  several  other 
forms,  notabl}^ 
Fa  r a g o n i m u s , 
ho  reins  ^ and 
SchlstOSO))Kl, 

Life  history.  — 
As  an  example  of 
the  life  histoiy  of 
flukes,  Ave  ma}"  take 
that  of  Fasciola 
h e i>  at  I c a , w hich 
ma}^  be  summa- 
rized as  follows: 

(a)  The,  adult  herma- 
phroditic v'orin  (figs. 
19-20),  the  characters 
of  which  are  given  on 
p.  22,  fertilizes  itself 
or  a cross  fertilization 
of  two  individuals 
takes  place  in  the  bili- 
ary passages  of  the 
liver,  and  produces  a 
large  number  ( esti- 
mated at  37,000  to 
45,000)  of  eggs. 

(5)  Eggs  (figs.  21 
and  22). — Each  egg  is 
composed  of  the  fol- 
lowing parts:  (1)  A 
true  germ  cell,  which 
originates  in  the  ovary 
and  is  destined  to  give 
rise  to  the  future  em- 
bryo; (2)  a number  of 
vitelline  or  yolk  cells, 
which  are  formed  in  a 
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specialized  and  independent  portion  (vitellogene  gland)  of  the  female  glands;  instead 
of  developing  into  embryos,  the  yolk  cells  form  a follicle-like  covering  for  the  true 
germ  cell  and  play  an  important  role  in  the  nutrition  of  the  latter  as  it  undergoes 

further  development;  (3)  a shell  surromidihg 
the  germ  cell  and  the  vitelline  cells,  and  pro- 
vided at  one  end  with  a cap  or  operculum. 
The  eggs  escape  from  the  uterus  of  the  adult 
through  the  vulva,  are  carried  to  the  intestine 
of  the  host  with  the  bile,  then  pass  through  the 
intestines  with  the  contents  of  the  latter,  and 
are  expelled  from  the  host  with  the  fecal  mat- 
ter. Many  of  them  become  dried  and  then 
undergo  no  further  development,  but  others  are 
naturally  dropped  in  the  water  in  marshes,  or, 
being  dropped  on  dry  ground,  they  are  washed 
into  the  water  by  the  rain,  or  are  carried  to  a 
more  favorable  position  by  the  feet  of  animals 
pasturing  in  or  passing  through  the  fields.  After 
a longer  or  shorter  period  of  incubation,  which 
varies  with  the  temperature,  a ciliated  embryo 


Fig.  21. — Egg  of  the  Common  Liver  Fluke 
{Fasciola  hepatica)  examined  shortly  after 
it  was  taken  from  the  liver  of  a sheep;  at 
one  end  is  seen  the  lid  or  operculum,  o; 
near  it  is  the  segmenting  ovum,  e;  the 
rest  of  the  space  is  occupied  by  yolk  cells 
which  serve  as  food;  all  are  granular, 
but  only  three  are  thus  drawn,  x 680. 
(After  Thomas,  1883,  p.  281,  fig.  1.) 
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(miracidium)  is  developed.  At  a 
temperature  of  20°  to  26°  C.  the 
miracidium  may  be  formed  in  10 
days  to  3 weeks;  at  a temperature 
of  16°  C.  the  development  takes  2 
to  3 months;  at  38°  C.  it  ceases 
entirely.  Experiments  have  shown 
that  as  long  as  these  eggs  remain 
in  the  dark  the  miracidium  will  not 
escape  from  the  eggshell;  accord- 
ingly it  will  not  escape  during  the 
night.  When  exposed  to  the  light, 

however,  or  when  suddenly  brought  into  contact  with  cold  water,  the 
bursts  the  cap  from  the  eggshell,  crawls  through  the  opening  and  becomes  a — 


Fig.  22. — Egg  of  tbe  Common  Liver  Fluke  containing  a 
ciliated  embryo  (miracidium)  ready  to  hatch  out:  d. 
remains  of  food;  e,  cushion  of  jelly-like  substance:  /, 
boring  papilla;  Ti,  eye-spots:  germinal  cells,  x 680. 

(After  Thomas,  1883,  p.  283,  fig.  2.i 
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(c)  Free-swimming  ciliated  miracidium  (fig.  23). — As  already  stated,  this  organism 
is  entirely  different  from  its  mother.  It  measures  about  0.15  mm.  long.  It  is  some- 
what broader  in  its  anterior  portion  than  in  its  poste- 
rior j^ortion;  on  its  anterior  extremity  we  find  a small 
eminence  known  as  a boring  papilla;  the  exterior  sur- 
face of  the  young  worm  is  covered  with  numerous  cilia, 
which  by  their  motion  propel 
the  animal  through  the  water; 
inside  the  body  we  find  in  the 
anterior  portion  a simple  ves- 
tigial intestine  and  a double 
ganglionic  mass,  provided  with 
a peculiar  j)igmented  double 
cup-shaped  eye-spot;  in  the 
posterior  portion  of  the  body 
cavity  is  found  a number  of 
germ  cells,  which  develop  into 
individuals  of  the  next  gen- 
eration. 

Swimming  around  in  the  wa- 
ter, the  miracidium  seeks  out 
certain  snails  {Limnsea  irunca- 
tula,  L.  oahuensis,  L.  rubella^  see 
p.  38),  which  it  immediately 
attacks  (fig.  23 ) . The  miracid- 
ium elongates  its  papilla  and  fastens  itself  to  the 
feelers,  head,  foot,  or  other  exterior  soft  portions  of 
the  body  of  the  snail;  some  of  the  parasites  enter  the  pallial 
(lung)  cavity  and  attach  themselves  there.  After  becoming 

securely  fastened  to  the  snail  the  miracid- 
ium discards  its  ciliated  covering  and 
shortens  to  about  half  its  former  length 
(0.07  mm.  to  0.08  mm.).  The  parasites 
now  bore  their  way  into  the  body  of  the 
snail  and  come  to  rest  in  the  liver,  or  near 
the  roof  of  the  pallial  cavity,  etc.,  the 
movements  gradually  cease,  and  we  have 
before  us  the  stage  known  as  the — 

{d)  Sporocyst  (figs.  24  and  25). — The 
eye-spots,  ganglionic  swellings,  and  ves- 
tigial intestine  become  more  and  more 
indistinct  and  are  finally  lost.  The  spo- 
rocyst grows  slowly  at  first,  then  more 
rapidly,  and  at  the  end  of  14  days  or  so 
measures  0.5  mm.  The  germ  cells  men- 
tioned as  existing  in  the  posterior  portion 
of  the  miracidium  now  develop  into  indi- 
viduals of  the  third  generation  known 


Fig.  23.— Embryo  of  the  Common 
Liver  Fluke  {Fas^ciola  hcpatica) 
boring  into  a snail,  x 370.  (Af- 
ter Thomas,  1883,  p.  285,  fig.  4.) 


Fig.  24. — Sporocyst  of  the 
Common  Liver  Fluke 
which  has  developed 
from  the  embryo,  and 
contains  germinal  cells. 
X 200.  (After  Leuckart, 
1889,  p.  109,  fig.  67  B.) 


Fig..  25. — Sporocyst  of 
the  Common  Liver 
Fluke,  somewhat  old- 
er than  that  of  fig.  24, 
in  which  the  germi- 
nal cells  are  giving 
rise  to  redise.  x 200. 
(After  Leuckart,  1889, 
p.  109,  fig.  67  C.) 


as- 


{e)  Redise  (figs.  26  and  27). — The  redise 
escape  from  the  sporocyst  when  the  latter 
is  from  2 weeks  (in  summer)  to  4 weeks 
(in  late  fall)  old.  Upon'  leaving  the  body  of  the  sporocyst  they  wander  to  the  liver 
of  the  snail,  where  they  grow  to  about  2 mrn.  long  by  0.25  mm.  broad.  Each  redia 


Fig.  26. — Redia  of  the 
Common  Liver  Fluke 
{Fasciola  hepatica)i 
containing  germinal 
cells  which  are  devel- 
oping into  cercarise. 
X 150.  (After  Leuck- 
art, 1889,  p.  269,  fig. 
129  A.) 
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consists  of  a cephalic  portion,  which  is  extremely  motile  ana  w 

the  rest  of  the  young  worm  by  a ridge; 
situated  an  opening  through  which  the 
next  generation  (cercariae)  escapes.  The 
posterior  portion  of  the  worm  is  provided 
at  about  the  border  of  the  third  and  last 
fourths  of  the  body  with  two  projections. 
There  is  a mouth  with  phartmx  situated 
at  the  anterior  extremity,  the  jtharynx 
leading  into  a simple  blind  intestinal  sac. 
The  redia,  as  well  as  the  sporocyst,  may 
be  looked  upon  as  a female  organism,  and 
in  its  body  cavity  are  found  a number  of 
germ  cells,  which  develop  into  individuals 
of  the  next  generation  known  as — 

(f)  Cercarise  (figs.  28-30). — These  or- 
ganisms are  quite  similar  to  the  adult 
parasites  into  which  they  later  develop. 
The  body  is  fiat,  more  or  less  oval,  and 
provided  with  a tail  inserted  at  the  pos- 
terior extremity.  The  oral  sucker  and 
acetabulum  are  present  as  in  the  adult, 
but  the  intestinal  tract  is  very  simple;  on 
the  sides  of  the  body  are  seen  two  large 
glands,  but  the  complicated  genital  organs’ 
of  the  adult  are  not  visible.  The  cercaria 
leaves  the  redia  through  the  birth  open- 
ing, remains  in  the  snail  for  a longer  or 
carise.  x 150.  (After  shorter  time,  or  passes  out  of  the  body  of 
Leuckart,  1889,  p.  2/0.  snail  and  swims  around  in  the  water. 

After  a time  it  attaches  itself  to  a blade  of 


hich  is  defined  from 
under  the  latter  is 


Common  Liver  Fluke, 
with  developed  cer- 


fig.  130.) 


grass  (fig.  29)  or  some  other  object,  and  forms  a cyst  around 
itself  with  material  from  the  large  glands,  at  the  same  time 


Fig.  23. — Free  cercaria 
of  the  Common  Liver 
Fluke,  showing  two 
suckers,  intestine, 
large  glands,  and  tail. 

, After  Leuckart.  1889,' 
p.  279,  hg.  137.) 


Fig.  29. — Portion  of  a grass  stalk  ivith  three  encapsuled  cercarise 
of  the  Common  Liver  Fluke  (ihsefo^a  ^epan'm).  x 10.  (After 
Thomas,  1883,  p.  291.  fig.  13.) 


losing  its  tail.  -It  now 
remains  quiet  until  swal- 
lowed by  some  animal. 
Then  upon  arriving  in 
the  stomach — <)f  a steer, 
for  instance — the  cyst 
is  destroyed,  and  the 


Fig.  30. — Isolated  encysted 
cercaria  of  the  Common 
Liver  Fluke.  x 150. 
(After  Leuckart,  1889,  p. 
286,  fig.  142.) 


young  parasite  wanders  through  the  gall  ducts,  or,  as  some  believe,  through  the 
portal  veins  to  the  liver,  where  it  develops  into  the  adult  hermaphrodite. 
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Fig.  31.— Drawing  from  a microscopic  preparation  showing  a hemorrhage  in  the  parenchyma  of  the 
liver  caused  by  the  Common  Liver  Fluke  {Fasciola  hepatica):  a,  atrophic  liver  tissue;  b,  round  cell 
infiltration;  c,  a portion  of  the  parasite;  d,  hemorrhage.  (After  Schaper,  1890,  PI.  1,  fig.  1.) 


c 


Fig.  32. — Drawing  from  a microscopic  preparation  showing  the  glandular  hyperplasia  of  the  mucosa 
of  a gall  duct  caused  by  the  Common  Liver  Fluke  {Fasciola  hepatica):  a,  hypertrophied  submucosa; 
b:  interstitial  connective  tissue;  c,  compressed  lobule;  d,  lumen  of  the  gall  duct;  thickened  fibrous 
wall  of  the  gall  duct.  (After  Schaper,  1890,  PI.  1,  fig.  2.) 
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Genus  DICROCCELIUM  « Dujardin,  184B. 


Gexeeic  diagnosis. — Pasciolicla?:  Body  of  rather  slender  build,  elongate,  and  flat; 
anterior  and  posterior  ends  more  or  less  pointed.  Suckers  rather  approached  to  each 
other;  ventral  acetabulum  usually  more  highly  developed  than  the  oral  sucker.  Skin 
smooth.  Intestine  with  pharynx,  moderately  long  esophagus,  and  long  simple  ceca. 


Fig.  33. — Drawing  from  a microscopic  preparation  showing  a flute  in  the  tissue  of  the  liver:  a, 
necrotic  liver  tissue;  6.  atrophic  liver  cells:  c.  spines  on  the  fluke,  showing  the  outline  of  the  body, 
(After  Schaper,  1890,  PI.  3,  fig.  5.) 


Excretory  system  simple,  tubular.  Genital  pore  median,  between  the  suckers.  Copu- 
latory  organs  present,  but  not  highly  developed.  Male  organs:  Cirrus  pouch  hes 
almost  entirely  anterior  of  ventral  acetabulum;  in  its  posterior  end  is  a more  or  less 
coiled  vesicnla  seminalis,  anterior  of  this  the  moderately  developed  pars  prostatica, 


Fig.  34. — Limnsea 
truncatula,  nat- 
ural size  and  en- 
larged. (After 
Leuckart.) 


Fig.  35. — Limnsea  pere- 
gra,  natural  size  and 
enlarged.  (After 
Leuckart. ) 


Fig.  36. — Limnsea  humilis,  natural  size  and  enlarged. 
(After  Binney.) 


and  a comparatively  long,  thin  cirrus  (including  ductus  ejaculatorius);  testicles  com- 
pact, one  quite  straight  behind  the  other,  directly  posterior  of  the  ventral  sucker. 
Female  organs:  Ovary  about  median,  smaller  than  the  testicles,  and  immediately  . 


Synonyms. — Distorna  {Dicroccelium)  Dujardin,  ISdo;  Dicroccelium  Dtijardin  of  E. 
Blanchard,  1817a;  Dicrocseliurn  (misprint)  of  several  authors. 
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posterior  of  them,  receptaculum  seminis  and  Laiirer’s  canal  present;  vitellaria  mod- 
erately developed,  lateral  of  the  intestinal  ceca;  uterine  coils  numerous,  distinctly 
transverse,  confined  to  space  posterior  of  genital  glands.  Eggs  quite  numerous; 


Fig.  38. — Limnsea  viator,  natural  size  and  enlarged. 
(After  d’Orbigny.) 


vlien  ripe  of  a more  or  less  deep  brown  color,  and  varying  in  size  from  36  to  47 f.i 
by  21  to  31/1. 

Habitat. — IVitli  one  exception,  parasitic  in  liver  and  gall  bladder  of  warm-blooded 
animals  (mammals  and  birds). 

Type-species. — Dicroccdium  lanceatum  Stiles  & Hassall,  1896. 

The  Lancet  Fluke— DICROCCELIUM  LANCEATUM ff  Stiles  & Hassall,  1896— 

of  Ruminants,  Man,  etc. 

[Figs.  39  to  41.] 

Specific  diagnosis. — Dicrocceliiim : 4 to  9 mm.  long,  2 to  2.4  mm.  broad;  thin, 
lanceolate,  more  pointed  anteriorally  than  posteriorly.  Acetabulum  slightly  larger 
than  oral  sucker,  the  latter  slightly  subterminal;  distance  between  the  two,  about 
one-fifth  the  length  of  the  body.  Skin  without  spines.  Pharynx  small  (0.25  mm. ), 
globular;  esophagus  about  2.5  to  3 times  as  long  as  the  pharynx,  so  that  the  bifurca- 
tion of  the  intestine  is  immediately  anterior  of  the  genital  jiore;  intestinal  ceca  extend 
to  posterior  quarter  of  body.  Genital  pore  about  halfway  between  suckers,  imme- 
diately posterior  of  bifurcation  of  intestine.  Mah  organs:  Cirrus  pouch  extends  from 
genital  pore  to  ventral  acetabulum  and  contains  the  pars  prostatica  and  vesicula 
seminalis;  .testicles  irregularly  lobate,  one  caudad  of  the  other,  directly  caudad  of 
ventral  acetabulum.  Female  organs:  Ovary  small,  directly  caudad  of  posterior 
testicle,  but  anterior  of  transverse  vitelloducts;  uterus  confined  between  the  intestinal 
ceca,  but  in  posterior  fourth  of  body  there  is  a tendency  for  the  coils  to  extend  nearer 
the  lateral  margins;  vitellaria  only  moderately  developed,  marginal,  in  equatorial 
third  of  body.  Eggs  38  to  45  /.l  long  by  22  to  30  j.i  broad,  contain  embryos  when 
oviposited.  Sporocyst,  redia,  cercaria,  and  intermediate  host  undetermined. 

Habitat. — Gall  ducts  of  cattle  {Bos  taunts),  sheep  {Oris  aries),  ass  {Equus  asinus), 
man  {Homo  sapiens),  etc. 

Geographic  distribution. — Very  extended,  especially  in  Europe,  but  apparently 
not  in  England  or  Xorth  America. 

« Vernacular  names. — English,  Lancet  fluke;  German,  der  lanzettfdrmige  Leberegel, 
das  lanzettfdrmige  Doppelloch;  Erench,  distome  lanceole;  Italian,  distoma  lanceolato. 

Synonyms. — Eascio/aVa?iccotoa  Eudolphi,  1803  (not  Schrank,  1790);  Bistoma  I ance- 
olatum  (Eudolphi)  Mehlis,  1825;  “Distoma  {Dicrocceliuin)  lanceolatuni  Mehlis”  of 
Dujardin,  1845;  “ Distomum  lanceolatuni  Mehlis”  of  Diesing,  1850;  “Dicroccdium 
lanceolatuni  Dujardin”  of  Weinland,  1858;  “Fasciola  Bucliliolzii  Jordens,  1801,”  mis- 
print of  Braun,  1889;  Dicrocceliuin  lanceatum  Stiles  & Hassall,  1896. 

Bibliography. — Xo  extensive  bibliography  as  yet  published.  Eor  detailed  tech- 
nical discussion  see  Leuckart  (1889,  pp.  359'-399).  For  a review  of  seven  cases  of 
infection  compiled  for  man  consult  Blanchard,  1888a,  pp.  611-612,  Leuckart,  1899, 
pp.  391-399,  or  Moniez,  1896,  pp.  120-122. 
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Genus  OPISTHORCHIS  Blanchard,®  189S. 


cet  Fluke  (Dicro- 
codium  lanceatum), 
•svith  contained 
embryo,  x 700. 
(After  Leuckart, 
1889.  p.  379,  fig.171.) 


Generic  diagnosis. — Fasciolidse:  Body  distinctly,  often  very  greatly,  elongated; 
anterior  end  attenuated,  posterior  end  broader.  Skin  smooth,  often  without  spines. 
Suckers  not  far  separated,  and  usually  not  especially  large.  Inte.stine  with  pharynx, 

short  slender  esophagus,  and  long  simple  ceca.  Excretory 
system  with  long  sigmoid  stem  usually  winding  between 
the  testicles,  and  with  short  branches.  Genital  pore 
median,  immediately  in  front  of  aceta- 
bulum. Copulatory  organs  absent.  Male 
organs:  Testicles  in  posterior  portion  of 
body,  one  posterior  of  the  other,  more 
or  less  distinctly  lobate,  or  even  branched. 

Female  organs:  Ovary  simple  or  lobate, 
anterior  of  testicles;  Laurer’s  canal  pres- 
ent; receptaculum  seminis  very  greatly 
developed;  uterine  coils  anterior  of  tes- 
ticles and  ovary,  but  not  extending  ma- 
terially over  the  intestinal  ceca;  vitellaria 
moderately  developed,  lateral  of  intestinal  Fig.40.— Egg  of  Lan- 
ceca,  not  extending  anteriorly  beyond 
the  ventral  acetabulum. 

Habitat. — Parasitic  in  the  gall-ducts 
of  warm-blooded  animals  (mammals  and 
birds). 

Tvpe  species. — Opisthorchis  felineus  (Rivolta,  1884). 

KEY  TO  SPECIES  OF  OPIS- 
THORCHIS REPORTED 
FOR  MAN. 

(For  species  thus  far 
found  in  the  United 
States,  follow  Roman 
type. ) 

1.  Testicles  branched, 
and  frequently  ex- 
tending beyond  the 

intestinal  ceca  into  the  lateral  fields;  excretory 
system  runs  dorsally  of  testicles;  Asia,  but  im- 
ported cases  elsewhere 0.  sinensis  (p.  35) 

Testicles  mag  he  lobate,  hut  not  branched,  and  are  con- 
fined to  median  field  between  the  intestinal  ceca; 
excretory  system  sigmoid  extending  between  the 
testicles 2 

2.  Sj:)ines  present  on  skin;  vitellaria  extend  caudally  of 
first  testicle  to  about  the  anterior  border  of  postenor 
testicle;  worm  not  over  12  mm.  long;  ventral 
acetabulum  close  to  bifurcation  of  intestine; 

India 0.  noverca  (p.  33) 

Spines  absent;  vitellaria  not  reaching  or  barely  reach- 
ing the  first  testicle;  ivorm  10  to  18  mm.  long;  ventrcd  acetabulum  some  distance  from 
bifurcation  of  intestine;  Europe 0.  felineus  (p.  31) 

® Synonyms. — Opisthorchis  Blanchard,  1895;  Opistorchis  Railliet,  1896  (misprint); 
“ Camjmla  Cobbold,”  of  Stiles  & Hassall,  1898  (in  part) ; Opisthorchic  Stiles,  1901  (mis- 
print). 


Fig.  41. — Free  embryo  (miracidium)  of 
the  Lancet  Fluke;  A,  lateral  mew;  B, 
dorsal  view.  (After  Leuckart,  1889,  p. 
385,  fig.  17.5  A,  .B.) 


Fig.  39. — Lancet  Fluke, 

enlarged  to  show  the 
anatomic  characters:  ac. 
acetabulum;  c.  p.,  cirrus 
pouch;  i,  intestinal  ceca; 
m,  mouth  with  oral 
sucker;  or.,  ovary;  e,  eso- 
phagus; p.  h.,  pharyngeal 
bulb;  t,  lobate  testicles; 
irf.,  uterus;  va,  vagina:  vg, 
vitellogene  glands.  (After 
Stiles  <k  Hassall,  1894,  PI. 
4,  fig.  19.) 
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The  European  Cat  Fluke — OPISTHORCHIS  FELINEUS«  (Rivolta,  1884) 
Blanchard  1895 — of  Cats,  Dogs,  Man,  etc. 

[Figs.  42  to  44.] 

Specific  diagnosis. — Ojnsfhorchis:  8 to  13  111111.,  seldom  18  111111.  long,  1.25  to  2.5 
mm.  broad;  flat,  lanceolate,  anterior  end 
conical,  jiosterior  end  rounded;  the  ante- 
rior fifth  of  the  body  more  or  less  con- 
stricted from  the  posterior  four-fifths;  red- 
dish, transparent.  Oral  sucker  and  ven- 
tral acetabulum  of  same  size,  0.28  mm.  in 
diameter;  oral  sucker  terminal  to  subter- 
minal; ventral  sucker  at  plane  of  constric- 
tion between  anterior  fifth  and  posterior 
four-fifths  of  body.  Skin  without  spines. 

Pharynx  small,  0.204  mm.  long,  0.161 
mm.  broad,  follows  the  oral  sucker;  esoph- 
agus 0.2  mm.  long;  intestinal  ceca  extend 
to  posterior  end  of  body.  Male  organs: 

Testicles  lobate.  Female  organs:  Uterus 
moderately  well  developed;  ovary  slightly 
lobate;  shell  gland  diffuse,  composed  of 
unicellular  glands;  receptaculum  ‘ seminis 
postero-lateral  of  ovary;  vitellaria  lateral 
in  equatorial  third  of  body,  and  com- 
posed of  seven  to  nine  groups  of  acini 
on  each  side;  transverse  vitelloduct  runs 
postero-median.  Fggs  oval,  26  to  30  by 
11  to  15  //,  with  sharply  defined  operculum 
on  the  more  acute  pole;  contain  ciliated 
embryo  at  oviposition.  Bporocyst,  redia, 
cercaria,'  and  intermediate  host  undeter- 
mined. 

Habitat. — Gall  ducts  of  the  domesticated 
cat  {Fehs'Catus  dornestica),  domesticated  dog 
{Canis  familiaris),  glutton  {Gido  borealis), 
and  man  {Homo  sapiens). 

Geographic  distribution. — Europe  (Ger- 
many, Holland,  Italy,  Fiance,  and  Russia).  Fig.  42. — Rivolta’s  (1884)  original  figure  of 

Opisthorchis  felineus:  an.,  acetabulum; 

« Synonyms. — Distoma  conus  Gurlt,  1831  rx.p.,  excretory  pore;  r/.  p.,  genital  pore; 

(not  Creplin,  1825) ; Distoma  lanceolatum^^  ^’^t^stinal  ceca;  m.,  mouth;  p.  h.,  phar- 

£ o-  n 1 1 100c  / £ rr  -77  7 . yngeal  bulb;  h,  testicles;  uterus;  d., 

of  von  Siebold,  1836  (not  Fasaola  lanceolala  deferens;  v.  rj„  vitellogene  gland. 

Schrank,  1790);  “ Distomum  lanceolatum 

Mehlis”  of  Uiesing,  1850  (sub  D.  truncatum) ; Distomum  felineum  Rivolta,  1884; 
'' Distomum  conus^’  of  Sonsino,  1889  (sub  D.  truncatum);  Distomum  sibiricum'Wuio- 
gradoff,  1902:  Distomum  {Dicroccelium)  felineum  Rivolta  of  Braun,  1893;  Distoma 
{Dicrocceliurn)  felineum  Rivolta  of  Stiles,  1894  (sub  D.  truncatum);  Opisthorchis 
felineus  (Rivolta,  1894)  R.  Blanchard,  1895;  Opisthorchic  felineus  (Rivolta)  Stiles, 
1901  (misprint). 

Bibliography. — Stiles  & Hassall,  1894,  pj>.  426-427. 


Fig.  44. — Egg  of 
Opisfhorchis  fe- 
linem.  S30. 

After  Brauii. 
1903.  p.  ISo.  fig. 
105. 


This  parasite  has  been  reported  for  man  in  Prussia,  and  AVinogradolf 
found  it  in  Siberia  in  S (or  9)  out  of  124  post-mortem  examinations  of 

human  cadavers.  It  is  essentially  an  Old 
IV orld  species,  but  it  may  be  found  at 
any  time  in  Europeans  who  have  immi- 
grated to  the  United  States,  and  the 
possibility  is  by  no  means  excluded  that 
it  may  be  found  in  American  ti’oops  who 
have  served  in  China  or  the  Philippines. 

Ward  (1895)  has  recorded  this  species 
for  cats  in  Nebraska,  but  a comparison 
of  his  specimens  with 
authentic  material  of  0. 
feJineus  from  Europe  has 
convinced  both  him  and  me 
that  the  Nebraskan  parasite 
represents  a distinct  form. 

Since  it  is  so  closely  allied 
to  0.  feJineus,  further  <ince 
both  species  occur  in  cats 
and  the  European  form  oc- 
curs in  man  also,  it  need  occasion  no  sur- 
prise if  Ward's  parasite  is  found  sooner 
or  later  in  man.  Its  characters  may  be 
seen  from  the  following  diagnosis; 

OpiMhorclds  psev.dofeUnev$  (I  Ward.  19<jl  i fig. 
45):  Opisthorchis:  12  to  20  mm.  long.  1 to  2.5 
mm.  broad;  form  somewhat  similar  to  that  of 
0.  jelineu-s,  but  more  elongate.  Oral  sucker  0. 355 
mm.  by  0.414  mm.,  terminal  to  subterminal; 
ventral  acetabulum  somewhat  smaller,  0.247  mm. 
bv  0.240  mm.,  situated  slightly  anterior  of  border 
between  first  and  second  anterior  fourths  of  body. 
Skin  provided  with  minute  scale-like  spines 
which  are  lacking,  however,  on  posterior  portion 
of  body.  Pharynx  0.212  mm.  by  0.219  mm.; 
esophagus  0.175  mm.  long;  intestinal  ceca  extend 
to  posterior  extremity.  Male  organs:  Testicles 
round  or  lobate.  Female  organs:  Uterus  well 
5T..  shell  gland:  other  letters  same  as  developed,  the  coils  often  being  quite  crowded; 
fig.42.  ( AiterStiles»i:HassaIl.iS94,fig.6. 1 globular;  receptaculum  seminis  large, 

postero-lateral  of  ovary;  Atellaria  divided  each  side  into  an  antovarial  portion 

^Syxoxvwis. — Fistoma  felineurn’'  of  Ward,  1895;  Opisthorchis psendof eh neus  55  ard, 
1901. 

Bibliography. — For  more  detailed  description  see  Ward,  1895,  pp.  152-158, 


Fig.  43. — Opisthorchis  felineus  from  a cat, 
collected  in  Prussia  by  Max  Braun. 
Greatly  enlarged  to  show  the  anatomy: 
or.,  ovary;  r.  s.,  receptaculum  semini 
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with  about  five  acini  and  a post-  ^ 
ovarial  portion  wfith  two  or  three  k 
acini,  each  portion  provided  with  its 
own  vitelloduct;  the  antovarial  por-  g 
tion  extends  from  the  ovary  cephalad  o 
to  about  the  boundary  between  the  g 
anterior  and  equatorial  thirds  of  the 
Ijody;  the  postovarial  portion  extends  § 
caudad  from  the  ovary  to  about  the  g- 
anterior  plane  of  the  posterior  testi- 
cle;  Laurer’s  canal  prominent.  Eggs 
25  to  35  f-L  by  12  to  15  yw.  Sporocyst, 
redia,  cercaria,  and  intermediate  host 
undetermined. 

Habitat. — Gall  ducts  of  the  domes- 
ticated cat  {Felis  catus  domestica)  and 
coyote  {Canis  latrans  Say). 

Geogkaphic  distribution. — United 
States  (Nebraska  and  Iowa). 

Winogradotf  reports  that  in 
one  of  his  nine  cases  of  Opis- 
tliorchis  felineus  in  man,  he 
found  a small  spinose  distome, 
and  as  0,  felineus  is  not  spi- 
nose, Braun  (1896)  suggests 
that  the  parasite  might  have 
been  Metorchis  albidits  or  If. 
truncatus,  species  found  in  cats 
in  Europe. 

The  Indian  Liver-Fluke  — OPIS- 

THORCHIS  NOVERCA«  Braun, 

1903 — of  Man. 

[Figs.  46  to  48.] 

Specific  diagnosis.  — Opisthorchis: 

9 to  12.5  mm.  long,  2.5  mm.  broad; 
lanceolate  more  attenuate  anteriorly 
than  posteriority.  Oral  sucker  termi- 
nal. Ventral  acetabulum  much 
smaller  than  oral  sucker;  distance 
between  the  two  equal  to  about 
one-eighth  the  length  of  the  body, 
the  acetabulum  being  rather  near 
the  bifurcation  of  the  intestine. 
Skin  thickly  beset  with  spines. 
Pharynx  large;  esophagus  appar- 

« Synonyms. — “ Distoma  conjunctum 
Cobbold”  of  Lewis  & Cunningham 
1872. 

14167— No.  17—04 3 
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eiitly  absent;  intestinal  ceca  extend  to  about  the  border  of  posterior  eig^hth  of 
body.  Male  organs:  Testicles  apparently  round  to  lobate,  situated  in  posterior 
third  of  body.  Female  organs: 

Uterus  apparently  poorly  devel- 
oped; ovary?;  receptaculum 
seminis?;  Laurer’s  canal?;  vitel- 


46 


Fig.  46. — OpistJiorchis  noverea. 
Natural  size.  (After  McCon- 
nell, 1876,  fig.  2.) 

laria  apparently  extend  from 
ventral  acetabulum  to  posterior 
testicle.  Fggs  oval,  84  /t  by  19 
to  21  //.  Sporocyst,  redia,  cer- 
caria,  and  intermediate  host 
undetermined. 


Fig.  47. — Ventral  view  of  Opisthordds  noverea,  greatly 
enlarged  to  show  the  anatomy:  ac.,  acetabulum; 
ex.  p.,  excretory  pore;  p.,  genital  pore;  i.,  intes- 
tinal ceca;  m.,  mouth  with  oral  sucker;  ov.,  ovary 
and  other  adjacent  organs;  p.  b.,  pharyngeal  bulb; 
s.  g.,  shell  gland;  /.,  testicles;  id.,  uterus;  va.,  va- 
gina; I’,  d.,  vas  deferens;  v.  5^.,  vitellaria;  v.  f.,vitel- 
loduct.  (After  McConnell,  1876,  fig.  1.) 

Habitat. — Gall  ducts  of  man  [Homo  sapiens) 
and  pariah  dogs  {Canis  familiaris) . 

Geographic  distribution.  — India. 

This  parasite  has  been  confused  with 
MetorcMs  conjimctus  (Cobbold,  1862)  of 
the  American  Red  fox  {Canis  ftdvus)^ 
but  the  two  worms  are  evidently  distinct. 
The  above  diagnosis  is  based  chiefly  upon  McConnell’s  figures.  The 
species  needs  a careful  restudy. 

For  the  two  cases  reported  in  man,  see  McConnell,  1876  and  1878. 


Fig.  48. — Eggs  of  Op>isthorchis  noverea. 
X 1,300.  (After  McConnell,  1876, 
fig.  3.) 
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The  Asiatic  Liver  Fluke— OPISTHORCHIS  SINENSIS « (Cobbold,  1875) 

Blanchard,  1895 — of  Man. 


[Figs.  49  to  62.] 


Specific  diagnosis. — 
Ojnsthorcitis:  10  to  20  mm. 
long,  2 to  5 mm.  broad; 
flat,  lanceolate  to  oblong 
oval,  attenuate  anteriorly, 
rounded  posteriorly;  red- 
dish, nearly  transparent 
during  life.  Oral  sucker 
larger  than  ventral  ace- 
tabulum, vhich  is  about 
on  border  between  first 
and  second  fourths  of 
body.  Skin  without 
spines.  Pharynx  globular, 
about  0.22  mm.  in  diame- 
ter; esophagus  0.17  mm. 
long,  not  longer  than 
pharynx;  bifurcation  of 
intestine  nearer  to  oral 
to  acetabulum;  intestinal 
extending  to  posterior  end 
of  body.  Male  organs:  Testicles  in  pos- 
terior third  of  body,  branched,  usually 
extending  beyond  intestinal  ceca  into 
the  lateral  fields  and  situated  ventrally 
of  the  sigmoid  excretory  canal.  Female 
organs:  Uterus  moderately  developed; 
ovary  trilobate;  immediately  anterior  of 
the  large  elongate  vesicula  seminalis; 

Synonyms. — Distoma  sinense  Cobbold, 
1875;  Distoma  sineuse  of  McConnell,  1876 
(misprint) ; Distoiimm  spatlmlatum  Leuck- 
art,  1876  (not  Creplin,  1849;  for  spatula- 
tum  Rudolphi,  1819);  Distomum  sj^atula- 
tiun  Cobbold,  1879  (not  Eudolphi,  1819); 
Distoma  hepatis  endemicum  Baelz,  1883; 
Distoma  liejmtis  innocuum  Baelz,  1883; 
Distoma  hepatis  perniciosum  Baelz,  1883; 
Distoma  spatulatuni  (Cobbold,  1879) 
Blanchard,  1888;  Distoma  japonicum  E. 
Blanchard,  I88601T888;  Distommn sinense 
(Cobbold)  Leuckart,  1889;  Opisthorchis 
sinensis  (Cobbold,  1875)  E.  Blanchard, 
1895;  Dicrocodium  sinense  (Cobbold)  Mo- 
niez,  1896. 

Bibliography. — For  technical  zoo- 
logical discussion,  see  Leuckart  (1889, 
pp.  336  to  355,  tigs.  154  lo  161);  for 
medical  discussion,  with  record  of  76 
autopsies,  see  Katsurada  (1900,  pp.  479- 
504).  White  (1902,  p.  523)  has  found 
18  cases  in  San  Francisco. 


Fig.  49.  — The 
Asiatic  liver 
fluke  {Opi s- 
thorchis  sinen- 
sis). Natural 
size,  from 
specimen 
(U.S.P.H.  A 
M.H.S.  No. 
9410)  collect- 
ed in  S a n 
Francisco  by 
Asst.  Surg.  M. 
J.  W h i t e. 
Original. 

sucker  than 
ceca  slender. 


V. 


Fig.  50.— The  same,  ventral  view,  greatly  enlarged 


to  show  the  anatomy;  ac.,  acetabulum;  ex.  c.,  ex- 
cretory canal;  ex.  p.,  excretory  pore;  g.  p.,  genital 
pore;  i.,  intestinal  ceca;  L.  c.,  Laurer’s  canal;  ?n., 
mouth,  with  oral  sucker;  or.,  ovary;  p.  h.,  pharju- 
geal  bulb;  s.  g.,  shell  gland;  t.,  testicles;  id.,  uterus; 
V.  d..  vas  deferens;  r.  g.,  vitellogeue  glands;  v.  s., 
vesicula  seminalis;  v.  t.,  vitelloduct.  Original. 
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'S'itellaria  moderately  developed,  occupying  about  the  equatorial  third  of  the  lx)dy. 
Eggs  oval,  27  to  30  //  by  15  to  17  /^;  dark  brown,  with  sharply  defined  operculum; 
contain  cihated  embr\m  at  oviposition.  Sporocyst,  redia,  circaria,  and  intermediate 
host  undetermined. 


Figs.  51-58. — Eggs  of  Opisthorchis  sinensis  in  different  stages  of  development,  as  found  in  the  uterus. 
Vote  the  operculum  at  one  end.  Greatly  enlarged.  (After  Katsurada,  1900,  pi.  13.  figs.  2-9.) 


Habitat. — Gall  ducts,  pancreatic  ducts,  duodenum,  and  stomach  of  man  {Romo 
sapiens)  and  cats  {Fells  catus  domestica). 

Geographic  distributiov. — Asia;  sporadic  imported  cases  elsewhere. 


Several  imported  cases  of  this  parasite  have  been  found  in  the 
United  States  and  Canada.  In  some  of  the  Japanese  cases  that  have 


Figs.  59-60. — Free  embryos  (miracidia)  of  same.  Greatly  enlarged.  (After  Katsurada,  1900,  pi.  13, 

figs.  10-11.) 


been  recorded  several  thousand  parasites  have  been  present,  and  while 
the  hepatic  ducts  are  more  frequently  affected,  some  cases  are  recorded 
of  the  presence  of  this  fluke  in  the  pancreatic  ducts,  in  the  duodenum, 
and  in  the  stomach.  See  p.  8. 
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Fig.  61. — Section  through  the  left  lobe  of  the  liver,  shoiving  lesions  caused  by  Opisthorchis  sinensis:  a.,  thickened  gall 
duct;  b.,  hj-perplastie  connective  tissue;  c.,  thickened  capsule;  d.,  fatty  or  more  or  less  atrophied  liver  tissue,  x 40. 
(After  Katsurada,  1900,  pi.  13,  fig.  12.) 
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Fig.  62. — Section  through  the  right  lobe  of  the  liver,  showing  lesions  caused  by  Ojiisthorchis  sinensis:  a.,  hyper- 
plastic connective  tissue;  b.,  small  cell  infiltration;  c.,  newly  formed  gall  ducts;  d.,  small  interacinous  gall 
duct  filled  with  gall;  e.,  fatty  degenerated  liver  tissue;  /.,  necrotic  liver  ti.ssue.  x 40.  (After  Katsurada, 
1900,  pi.  13,  fig.  13.) 
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IMESTIXAL  DI8T03IAT0SIS. 


The  exact  extent  to  which  distomes  in  the  intestine  incommode  a 
patient  is  not  yet  determined.  It  seems  rather  doubtful  whether 
ireteroj>hi/es  is  of  much  appreciable  medical  importance,  although  a 
heavy  infection  should  not  be  ignored.  Fasciolopiiis.  being  much 
larger,  is  probably  of  more  importance.  Cobbold,  for  instance,  records 
it  for  two  cases  where  there  were  signs  of  intestinal  irritation,  such  as 
repeated  attacks  of  diarrhea.  The  medical  importance  of  Gastroducus 
is  yet  to  be  established. 

In  general,  it  may  be  said  that  the  importance  of  intestinal  as  well 
as  other  hukes  is  a relative  question.  A few  parasites  may  do  little 
harm,  still  they  actually  must  do  some  injury,  CA^en  if 
it  amounts  to  simph^  taking  food  which  should  go  to 
the  host:  an  increased  infection  increases  the  amount  of 
damage. 

Clinical  diagnosis. — Microscopic  examination  of 
fresh  stools  for  eggs;  examine  also  the  sputum  and  the 
urine  in  order  to  eliminate  the  lung  infection  with  Para- 
gonimus  and  the  Idood  infection  with  ScJustosohici. 

Symptoms. — Still  to  be  further  determined:  probably 
general  symptoms  of  intestinal  irritation.  Indigestion, 
nausea,  headache,  diarrhea,  and  blood}'  stools  have  been 
obseiwed. 

Treatment. — Favorable  results  haA’e  been  obtained 
by  Dobson  Avith  thymol.  Aloes,  followed  by  castor  oil, 
also  aloes  and  asafetida,  followed  by  scammony,  haA'e 
failed  (Cobbold's  cases).  As  the  parasites  are  plathelminthes,  I would 
suggest  the  use  of  same  anthelmintics  adopted  for  tapeworms. 


Fig.  63. — Fasciolop- 
sis  hiiskii.  Natu- 
ral size.  (After 
Leuckart,  1863,  p. 
586,  fig.  196.) 


Familv  FASCIOLID.E. 


Genus  FASCIOLOPSIS  Looss/^  1899. 

Generic  diagnosis. — Fasciolidte:  Body  rather  large,  flat,  about  one-third  as  broad 
as  long,  lanceolate  to  tongue-shaped.  Cephalic  cone  av anting.  Skin  without  spines. 
Ventral  acetabulum  larger  than  oral  sucker  and  nearer  anterior  end.  Intestine  with 
short  prepharynx,  strong  globular  pharynx,  and  exceedingly  short  esophagus;  intes- 


Synonyms. — Frt.sc/o/op.s-i>Looss,  1899;  Fasciolopis  Odhner,  1902  (misprint). 
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Fig.  64. — Ventral  view  of  Fasciolopsis  buskv,  enlarged  to  show 
the  anatomy:  ac.,  acetabulum;  c.,  cirrus;  L.  c.,  Laurer’s  canal; 
m.,  mouth  with  oral  sucker;  or.,  ovary;  p.,  pharynx;  p.  p.  s., 
prepharyngeal  sphincter;  shell  gland;  h.  testicles;  Mh,  ute- 
rus; u.p.jVitellogene  glands.  X 6.  (After  Odhner,  1902,  fig.  1.) 


final  ceca  branch  immediately 
anterior  of  ventral  acetabulum, 
are  narrow  and  long,  extend- 
ing along  inner  margin  of  vi- 
tellaria  to  the  posterior  end  of 
the  body,  and  are  not  provided 
with  secondary  branches.  Ex- 
cretory system  similar  to  that 
oi  Fasciola.  Genital  pores  em-p- 
ty  into  genital  sinus  which  is 
situated  in  the  ventro-median 
line  immediately  anterior  of 
acetabulum.  Copulatory  or- 
gans present,  the  cirrus  pouch 
being  a long,  straight,  median 
tube  extending  caudad  to  a 
point  about  half  way  between 
ventral  acetabulum  and  shell- 
gland.  Male  organs:  Testicles 
in  the  posterior  half  of  median 
field,  side  by  side,  or  one 
posterior  of  the  other,  both 
branched  dicotomously.  Fe- 
male organs:  Ovary  moderately 
developed,  branched,  located 
at  equator,  right  of  median 
line;  receptaculum  seminis  ab- 
sent; Laurer’s  canal  present; 
vitellaria  well  developed,  with 
very  small  acini,  and  extend 
from  plane  of  ventral  acetab- 
ulum to  caudal  pole  of  body, 
where  the  acini  from  the  two 
sides  may  meet  in  the  median 
line;  transverse  section  of  body, 
shows  acini  to  be  superficial 
both  dorsally  and  ventrally; 
transverse  vitello-ducts  meet 
in  median  line  of  equator  to 
form  the  vitelline  reservoir; 
shell-gland  compact,  well  de- 
veloped, globular;  uterus  ex- 
tends from  equator  forward, 
with  lateral  coils,  and  leads  to 
the  well-developed  metraterni 
at  caudal  border  of  acetabu- 
lum. Eggs  rather  numerous, 
similar  in  form  to  those  of 
Fasciola. 

Habitat, — Intestine  of 
mammals. 

Type  species. — Fasciolopsis 
buskii  (Lankester,  1857). 
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Busk’s  Intestinal  Fluke — FASCIOLOPSIS  BUSKII«  ( Lankester,  1857)  Stiles, 

1901 — of  Man. 

[Figs.  63  to  66.] 

Specific  diagnosis. — Fasciolopsis:  24  to  37  mm.  (75  mm.  after  Busk)  long,  5.5  to 


^Synonyms. — Distoma  buskii  Lankester,  1857;  Dicrocoelium  buskii  (Lankester) 
Weinlancl,  1858;  Distoma  crassuvi  Cobbold,  1860  (not  von  Siebold,  1837);  Distomum 
crassum  (Cobbold)  Leuckart,  1863;  Distomum  hepaticum^’  of  Leidy,  1873,  p.  .364; 
Distoma  buski  Blanchard,  1888;  Dicrocoelium  buski  Blanchard  1888;  ^‘Distorna  {Dicro- 
coelium) buskV’  of  Railliet,  1893;  Distomum  buski  (Blanchard)  Braun,  1895;  Distoma 
cranum  Hubei,  1896  (misprint);  Fasciolopsis  buskii  (Lankester)  Stiles,  1901;  Fascio- 
lopsis. buski  (Blanchard)  Odhner,  1902;  Fasciolopis  buski  (Blanchard)  Odhner,  1902. 

Bibliography. — ^Cobbold,  1879,  pp.  20-29.  For  more  recent  technical  discussion 
with  historical  review,  see  Odhner,  1902,  pp.  573-581. 


Fig.  65.— Sagittal  section  of  cephalic  end  of  Fasciolopsis  buskii,  slightly  to  the  right  of  the  median 
line:  d.  e.,  ductus  ejaculatorius;  g.  p.  m.,  male  genital  pore;  p.  pr.,  pars  prostatica;  v.  s.,  vesicula 
seminalis;  other  letters  same  as  in  fig.  64.  x 35.  (After  Odhner,  1902,  fig.  2.) 

12  or  14  mm.  broad,  1.5  to  2 mm.  thick;  maximal  breadth  in  equatorial  portion; 
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more  attenuate  anteriorly  than  posteriorly,  ventral  surface  flat,  dorsal  surface  slightly 
convex,  margins  very  thin.  Oral  sucker  ventro-subterminal,  small,  0.5  mm.  in  diam- 
eter, 0.33  mm.  deep.  Ventral  acetabulum  1.6  to  2 mm.  in  diameter,  but  elongated 

caudally  directly  under  the  ventral  surface  in  a 2 to  8 mm. 
long  sack;  center  of  acetabulum  1.8  to  2 mm.  from  anterior 
end  of  body.  Skin  without  spines.  Prepharynx  0.28  mm. 
long;  i^harynx  0.7  mm.;  esophagus  very  short  so  that  the 
l)ifurcation  of  the  intestine  occurs  about  on  anterior  plane 
of  acetabulum ; ceca  with  two  characteristic  curves  toward 
median  line,  one  at  equator,  the  other  between  the  testicles. 
Male  organs. — Cirrus  pouch  cylindrical,  median,  nearly  one- 
fourth  as  long  as  the  body,  0.25  to  0.33  mm.  thick,  straight, 
extending  from  genital  pore  to  about  midway  to  shell  gland 
( equator) ; it  contains  a long  sinuous  vesicula  seminalis  with 
a longl)lind  sack  possessing  lateral  branches,  this  sack  reach- 
ing from  a short  distance  caudad  of  acetabulum  to  about  0.5 
mm.  from  caudal  end  of  pouch;  pars  prostatica  0.5  mm. 
long,  ductus  ejaculatorius  rather  short,  provided  with  fine 
spines;  vasa  defferentia  near  median  line;  testicles  one 
jjosterior  of  the  other;  branches  of  posterior  testicle  extend 
to  within  about  3 mm.  of  the  caudal  end  of  the  body.  Female 
organs:  Vitelline  reservoir  rather  small;  shell  gland  1 to  1.5 
mm.  in  diameter.  Fggs  numerous,  120  to  130  j.i  long  by  77 
to  80  j-i  broad.  Sporocyst,  redia,  cercaria,  and  intermediate 
host  undetermined. 

Habitat. — Small  intestine  of  man  {Homo  sapiens);  Asia. 
This  parasite  has  Iteen  reported  several  times 
for  man,  all  the  cases  being  of  Asiatic  origin, 
eludging  from  the  writings  of  Dobson  (1893a, 
1893b)  and  Giles  (1892,  1893)  this  parasite  is 
probabl}"  more  common,  especially  in  India,  than 
is  generally  supposed. 

Rathouis’s  Intestinal  Fluke — FASCIOLOPSIS  RAT- 
HOUISI  « (Poirier,  1887)  Ward,  1903. 

[Fig.  67.] 

Specific  diagnosis. — -Fasciolopsis:  25  mm.  long,  16  mm. 
broad;  whitish,  tinted  with  brown  on  the  margins;  oblong 
oval,  obtuse,  anterior  end  appears  to  be  provided  with  a 
more  or  less  distinct  short  cephalic  cone,  3 to  5 mm.  broad. 
Oral  sucker  (?)  subterminal,  very  small,  its  opening  not 
over  0.5  mm.  in  diameter  (after  Moniez),  or  1.5  mm.  (after 
Braun).  Ventral  acetabulum  much  larger,  situated  about 


portion  of  the  cirrus  pouch 
which  lies  caudally  of  the 
acetabulum:  ac.,  acetabu- 
lum; c.  V.  s.,  cul-de-sac  of 
the  vesicula  seminalis;  v. 
d.,  vas  deferens;  v.  s.,  vesic- 
ula seminalis.  (After  Odh- 
ner,  1902,  fig.  3.) 


2 mm.  from  the  oral  sucker,  its  circular  orifice  2 mm.  in 
diameter.  Skin  without  spines.  Prepharynx  (?) ; pharynx 
(?) ; esophagus  (?);  intestinal  ceca  (?).  3/ale  organs:  Cirrus 
pouch  (?)  (apparently  long);  vasa  deferentia  apparently 
rather  divergent;  testicles  side  by  side.  Female  organs:  Ovary  caudad  of  transverse 


Synonyms. — Distomum  rathonisi  Poirier,  1^87;  Dlstoma  rathonisii  Huber,  1894 
(misprint);  Fasciolopsis  rathouisi  (Poirier)  Ward,  1903. 
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vitello-duct.  Eggs  ovoid,  150  fj.  long  by  80  //  broad.  Sporocyst,  redia,  cercaria,  and 
intermediate  host  undetermined. 

Habitat. — Intestine  or  (?)  gall  ducts  of  man  {Homo  sapiens);  Asia. 

The  original  description  bv  Poirier  (1887)  is  not  accessible  to  me. 
Most  authors  consider  this  species  identical  with  Fasciolopsis  hmhii^ 
but  Moniez  (1896)  has  questioned  their  identity  and  Odhner’s  (1902) 
recent  work  seems  to  prove  that  the  two  forms  are  distinct. 


Fig.  67. — Ventral  view  of  Fasciolopsis  rathouisi,  enlarged  to  show  the  anatomy:  ac.,  acetabulum; 
ejc.p.,  excretory  pore;  g.  p.,  genital  pore;  m.,  mouth  with  oral  sucker;  oi\,  ovary;  g.,  shell  gland; 
t.,  testicle;  w..  uterus;  v.  g.,  vitellogene  gland;  vdt.,  vitelloduct.  (After  Poirier,  1SS7  [from  Railliet, 
1893,  p.  363,  fig.  243].) 

GeniTS  HETEROPHYES«  Cobbold,  1866. 

Gexeeic  diagnosis. — Fasciolidae  : ^ Body  small,  contractile  neck  not  very  sharply 
defined  from  body;  anterior  end  more  contractile;  posterior  end  more  or  less  bluntly 
rounded,  plump,  and  less  motile.  Skin  thickly  beset  with  scale-like  spines,  except 
for  a small  area  at  aboral  pole.  Oral  sucker  without  thorns;  ventral  acetabulum 
situated  at  the  border  between  the  anterior  more  contractile,  and  aboral  plumper, 
less  contractile  portion  of  body,  and  is  considerably  larger  than  oral  sucker.  Intes- 


« Synonyms. — Heterophyes  CobhdVdi,  1866  (probably  earlier);  Cotylogonimus  Liihe, 
1899;  Ccenogonimus  Looss,  1899. 

^ This  generic  diagnosis  inchides  some  characters  which  in  reality  belong  to  the 
diagnosis  of  the  subfamily. 
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tine  with  pharynx  closely  following  the  oral  sucker;  esophagus  moderately  long; 
intestinal  ceca  simple,  extending  to  extreme  aboral  end  of  body.  Genital  pore  postero- 
lateral of  and  in  immediate  vicinity  of  ventral  acetabulum;  it  is  surrounded  by  a 
muscular  ring  {genital  ring),  the  outer  free  margin  of  which  is  provided  with  a not 
quite  complete  wreath  of  beiit  chitinous  rods  with  lateral  branches.  True  copulatory 
organs  absent;  male  and  female  genital  tubes  unite  before  reaching  the  pore,  thus 
forming  a genital  cloaca.  Male  organs:  Testicles  oval,  in  extreme  aboral  end  of  body, 
on  same  transverse  plane,  their  longitudinal  axis  nearly  at  right  angles  to  the  longi- 


Fig.  68. — Ventral  view  of  Heterophyes  heterophyes,  enlarged  to  show  the  anatomy;  ac.,  acetabulum; 
es.,  esophagus;  ex.  p.,  excretory  pore;  g.  c.,  cerebral  ganglion;  gL,  glands;  g.  p.,  genital  pore; 
g.  genital  ring;  i.,  intestinal  ceca;  L.  c.,  Laurer’s  canal;  m.,  mouth  with  oral  sucker;  oo.,  ootyp; 
ov.,  ovary;  p.  b.,  pharj’ngeal  bulb;  p.  p.,  prepharynx;  p.  pr.,  pars  prostatica;  r.  .s.,  receptaculum 
seminis;  t.,  testicle;  tit,  uterus;  ra.,  vagina  (metraterm);  v.  cL,  vas  deferens;  v.  p.,  vitellogene 
glands;  v.  s.,  vesicula  seminalis;  v.  t.,  vitelloduct.  (After  Looss,  1894,  fig.  1.) 

tudinal  axis  of  the  body;  vesicula  seminalis  flexed,  anterior  end  of  latter  forming  a 
pars  prostatica,  both  lying  free  in  the  parenchyma.  Female  organs:  Ovary  globular, 
median,  or  lateral,  anterior  of  testicles;  receptaculum  seminis  as  large  as  ovary  and 
building  a sac-like  evagination  of  Laurer’s  canal;  vitellaria  but  slightly  developed, 
situated  on  the  margins  of  the  posterior  division  of  the  body.  Uterine  coils  not 
numerous;  they  extend  laterally  nearly  to  the  aboral  end,  never  posterior  of  the 
testicles,  and  not  anterior  of  the  ventral  acetabulum.  Fggs  not  numerous,  with 
dark  colored  thick  shell,  20  to  30  /^  by  10  to  17 /n 
Habitat. — Intestine  of  mammals  and  birds. 

Type  species. — Heterophyes  heterophyes  (Siebold,  1853)  Stiles,  1901. 
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The  Egyptian  Intestinal  Fluke— HETEROPHYES  HETEROPHYES « (Sie- 
bold,  1852),  Stiles,  1901 — of  Man,  Dogs,  and  Cats. 

[Figs.  68  to  71.] 


Specific  diagnosis. — Heterophyes:  1 to  1.7  mm.  long,  0.3  to  0.7  mm.  broad;  reddish, 
elongate,  oval.  Scales  quadrate,  5 to  6 //  long  by  4 p broad;  distal  margin  serrate  with 
6 to  9 points.  Oral  sucker  0.09  mm.  in  diameter,  terminal  to  siibte’-minal,  about  one- 
third  as  large  as  ventral  acetabulum 
(0.23  mm. ),  which  is  in  about  the  mid- 
dle of  the  body ; genital  ring  0. 15  mm. 

Prepharynx  short,  may  attain  80  p in 
length;  pharynx  50  to  70  p long,  40 
to  50  p in  diameter;  esophagus  ex- 
tends to  a point  about  midway  be- 
tween the  oral  pole  and  the  center  of 
the  acetabulum.  Intestinal  ceca  thin, 
extending  posteriorly  and  ending  at 
the  excretory  bladder.  The  lateral 
ends  of  the  vitellaria  extend  beyond 
the  intestinal  ceca,  and  some  follicles 
extend  ventrally.  Eggs  light  brown,  thick-shelled,  oval,  20  to  30  p by  15  to  17  //, 
contain  ciliated  embryo  when  oviposited.  Sporocyst,  redia,  cercaria, 
and  intermediate  host  undetermined. 

Habitat. — Small  intestine  of  man  {Homo  sapiens), 
dogs  {Canis  familiar  is) , cats  (Felis  domestica),  and  (?) 
fox  ( ). 

Geographic  distribution. — Egypt,  Japan. 


Fig.  69. — A portion  of  the  skin,  showing  the  peculiar 
quadrate  spines,  the  (dm.)  diagonal  muscles,  the 
[Im.)  longitudinal  muscles,  and  the  (rm.)  ring  or 
circular  muscles,  x 1060.  (After  Looss,  1894,  pi.  2, 
fig.  9.) 


Fig.  70.  — Chit- 
inous  rods  of 
genital  ring. 
X 700.  (After 
Looss,  1894, 
pi.  1,  fig.  5.) 


Family  PARAMPHISTOMID.F. 


Genus  GASTRODISCU S Leuekart,  1877. 


Generic  diagnosis. — Paramphistomida?,  Cladorchime 
(Ventral  acetabulum  at  poserior  end.  Two  pharyngeal 
pockets  present,  testicles  branched,  vas  deferens  without  pars  macu- 
losa, cirrus  pouch  present):  Body  divided  into  an  anterior  rather 
slender  conical  portion,  and  a posterior  flattened  ventrally  concave 
disk,  acetabulum  small,  ventral. 

Type  species. — Gastrodiscus  2)olymasios  Ijeuckart,  1877. 

According  to  the  recent  revision  of  the  amphistomes 
published  by  Fischoeder  (1902),  the  amphistome  reported 
for  man  belongs  to  the  genus  Gastrodiscus.  Stages  of  the  life  cycle  of 
the  Conical  Amphistome  {^ParampMstoinuin  cey^vi)  are  here  introduced 
(figs.  T9  to  83)  to  illustrate  the  biology  of  this  group. 


Fig.  71.  — Ma- 
ture egg  of 
lleterop  h yes 
heterophyes, 
containing 
the  fully  de- 
A’eloped  em- 
bryo. Note 
the  opercu- 
lum at  one 
pole.  X 700. 
(After  Looss, 
1894,  pi.  2,  fig. 
12.) 


^Synonyms. — Distomwn  heterophyes  \on  Siebold,  1852;  Dicrocoelium  heterophyes  (Sie- 
bold)  Weinland,  1858;  Distoma  heterophyes  (Siebold)  Cobbold,  1860;  Heterophyes 
segyptiaca  Cohbold,  1866  (probably  earlier);  Mesogonimus  heterophyes  (Siebold)  Eail- 
liet,  1890;  Coenogonimus  heterophyes  (Siebold)  Looss,  1899;  Cotylogonimus  heterophyes 
(Siebold)  Braun,  1901. 

Bibliography. — For  detailed  anatomical  discussion  see  Looss  (1894,  pp.  1-42,  pi. 
1,  figs.  1-8;  pi.  2,  figs.  9-12).  - 
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The  Asiatic  Amphistome — GASTRODISCUS  HOMINIS«  (Lewis  & McConnell, 

1876)  Fischceder,  igoi — of  Man. 

[Figs.  72  to  78.] 

Specific  diagnosis. — GaMrocUscii.s:  5 to  8 mm.  long,  3 to  4 mm.  broad;  reddish  in 
color  (fresh  specimen).  Genital  pore  about  in  middle  of  the  anterior  portion  at 


Fig.  72. — A portion  of  human  intestine  slit  open,  with  specimens  of  Gastrodiscus  hominis.  Natural 

size.  (After  Lewis  & McConnell,  1876,  pi.  3,  fig.  1.) 

bifurcation  of  the  intestine.  Testicles  2,  lobate;  vas  deferens  very  sinuous.  Disk 
without  papillae.  Eggs  oval,  150  p by  72  p with  operculum. 

Habitat. — Cecum  and  colon  of  man  {Homo  sapiens). 

Geogeaphic  disteibution.  ■ — Asia. 


^Synonyms. — Amphistoma  hominis 'Lewis  & McConnell,  1876;  Amphistomum  hominis 
(Lewis  & McConnell)  Davaine,  1877;  Gastrodiscus  hominis  (Lewis  & McConnell) 
Fischceder,  1901. 

Bibliogeaphy. — For  the  cases  thus  far  reported  see  Lewis  & McConnell  (1876,  pp. 
182-186),  Dobson  (1893a,  18936),  and  Giles  (1892,  1893).  Judging  from  the  writings 
of  Dobson  and  Giles,  this  parasite  soems  to  be  much  more  common  in  India  than  is 
generally  supposed. 
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Fuj.  73.— Ventral  view  of  Gastrodiscaij  hominis,  showing  oral  sucker,  genital  pore,  sucking  disk,  and 
acetabulum.  x2.  (After  Lewis  & McConnell,  1876,  jd.  3,  fig.  2a.) 

Fig.  74. — Dorsal  view  of  .same.  x2.  (After  Lewis  & McConnell,  1876.  i>l.  3,  tig.  2b.) 

Fig.  75. — The  same.  x2.  (After  Lewis  & McConnell,  1876,  pi.  3.  tig.  2c.) 

Fig.  76. — Lateral  view  of  .same.  x2.  (After  Lewis  & McConnell,  1876,  pi.  3,  tig.  2d.) 

Fig.  77. — Eggs  of  Gastrodiscus  hominis.  x65.  (After  Lewis  & McConnell,  1876,  pi.  3.) 


Fig.  78. — Gastrodiscus  hominis,  partially  dissected  to  show  the  anatomy:  ac.,  acetabulum;  es.,  esoph- 
agus; ex.  c.,  excretory  canal;  g.  c.,  cerebral  ganglion;  g.  }^.,  genital  pore;  i,  intestinal  ceca;  m.,  mouth 
with  oral  sucker;  ov.,  ovary;  p.  b.,  pharyngeal  bulb;  t.,  testicle;  id.,  uterus,  with  eggs;  va.,  vagina 
(metraterm);  v.  d.,  vas  deferens;  v.  dt,  vitelloduct;  v.  g.,  vitellogene  gland;  v.  n.,  ventral  nerve. 
Xl2.  (After  Lewis  & McConnell,  1876,  p.  185.) 


Fig.  79. — Dorsal  view  of  the  free  embryo  (miracidium)  of  the  Conical  Amphistome  {Paramphistomum  . 
cervi)  about  to  enter  the  intermediate  host:  fl,,  end  portion  of  excretory  system;  g.,  germ  cells;  gg., 
matrix  of  germ  cells;  f. , rudimentary  intestine;  sn.,  nervous  system.  x285.  (After  Looss,  1896,  pi.  12, 
fig.  125.) 
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fig.  126.) 


e2^ 


Fig.  80. — Sporocyst  of  the  Conical  Amphistome  resulting  from 
the  transformation  and  development  of  the  embryo,  age 
about^fifteendays:  e.c.p.,  excretory  j)ore;  gg.,  matrix  of  germ 
cells.  The  large  balls  of  cells  reyiresent  developing  rediae 
of  the  next  generation.  xl70.  (After  Looss,  1896,  pi.  12, 


Fig.  82. — Young  redia  of 
the  Conical  Amphis- 
tome of  the  second 
generation  in  vhich 
the  cercariae  develop. 
Xl70.  (After  Looss, 
1896,  pi.  12,  fig.  130.) 


Fig.  81.— Adult  redia  of-  the  Conical 
Amphistome  {ParamphMoinmn  cervi) 
of  the  first  generation,  thirty-nine 
days  after  the  infection  of  the  inter- 
mediate host  with  embryos:  fl.,  end 
portion  of  excretory  system;  gg.,  ma- 
trix of  germ  cells;  i..  rudimentary  in- 
testine; pgr.,  birth  opening;  nerv- 
ous system.  (After  Looss,  1896,  jd.  12, 
fig.  129.) 


Fig.  83. — Mature  cerca- 
ria  of  the  Conical 
Amphistome  {Faram- 
])histoma  cervi),  the 
stage  which  gains  ac- 
cess to  cattle  and 
sheep.  x75.  (After 
Looss,  1896,  pi.  12,  fig. 
133.) 


TENAL  BISTOMATOSIS. 


A enal  distomatosis  is  known  as  bilharziosis,  or  Egyptian  hematuria. 
It  is  caused  by  flukes  of  the  genus  Schistosoma.  As  a matter  of  fact, 
the  flukes  themselves  seem  to  be  comparatively  harmless;  it  is  their 
sharp-pointed  eggs  which  do  the 
injury.  At  least  three  (import- 
ed) cases  have  been  diagnosed  in 
the  United  States,  and  the  dis- 
ease is  said  to  exist  in  Cuba  and 
Porto  Rico. 

Clinical  diagnosis. — ]\lake 
microscopic  (low  power)  exami- 
nation of  fresh  urine  and  feces 
to  find  the  characteristic  eggs 
or  embryos;  examine  particu- 
larly the  flocculi  and  clots  found 
in  the  urine.  In  doubtful  cases, 
have  patient  micturate  and  ex- 
amine the  last  few  drops  forced 
out  by  straining. 

Symptoms. — If  ova  are  con- 
fined chiefl}"  to  urogenital  s}"s- 
tem : Hematuria,  pains  in  lumbar 
region,  left  iliac  fossa,  thigh,  or 
vulva,  either  spontaneous  or  at 
micturition;  cystitis,  vesical  cal- 
culus, urinaiy  fistulie,  vaginal 
tumors,  nephritis.  If  ova  are 
confined  chiefly  to  rectum : 

Bloody  stools,  diarrhea,  prolaps 
of  rectum,  papilliform  growth 
which  msiy  require  surgical  in- 
terference. 

Treatment. — Favorable  re- 
sults are  claimed  from  repeated  doses  of  male  fern;  some  authors 
consider  specific  treatment  futile;  practicalh^  treatment  is  the  same  as 
for  chronic  cystitis;  occasional^  surgical  interference  for  polypoid 
growths. 


Fig.  84. — Male  and  female  specimens  of  the  Human 
Blood  Fluke  {Schistosoma  hsemaldbium) , enlarged. 
X 12.  (After  Looss,  1896,  pi.  11,  fig.  107.) 
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Family  SCHISTOSOMID^E. 

Genus  SCHISTOSOMA^  Weinland,  1858. 


Generic  diagnosis. — Schistosomidye  (sexes  separate):  Male:  Broad  with  ven- 
trally  curved  lateral  margins,  forming  the  canalis  gynsecophoriis.  Intestinal  ceca 
unite  some  distance  caudad  of  the  acetabulum.  Genital  pore  median,  caudad  of 


Fig.  85. — Anterior  portion  of  male  Human  Blood 
Fluke  {Schistosoma  hscmatobium) , showing  the  ana- 
tomical characters:  oc.,  acetabulum;  pc.,  cerebral  gan- 
glion; gl.,  glands  of  esophagus  (es);  i.,  intestine;  nda., 


acetabulum.  Copulatory  organs  ab- 
sent; genital  glands  confined  to  a 
small  area  at  the  anterior  end  of 
canalis  gyna^cophorus;  testicles  com- 
posed of  about  five  divisions;  vesic- 
ula  seminalis  small,  pars  prostatica 
not  evident.  Female:  Filiform, 

Uterus  very  long;  may  contain 
numerous  eggs,  with  terminal  or 
subterminal  spine. 

Habitat. — Veins  of  mammals. 

Type  species. — Schistosoma  hscma- 
tohium  (Bilharz,  1852). 

'The  Human  Blood  Fluke — SCHIS- 
TOSOMA H.®MATOBIUM& 

(Bilharz,  1852)  Weinland,  1858. 

[Figs.  84  to  88.] 

Specific  diagnosis. — Schistosoma. 
Male:  Whitish,  4 to  15  mm.  long,  1 
mm.  broad;  anterior  portion  of 
body  0.6  mm.  long.  Oral  sucker 
about  same  size  as-  acetabulum, 
which  is  anterior,  immediately 
caudad  of  bifurcation  of  intestine. 
Skin  with  numerous  small  warts. 
Esophagus  short;  intestinal  ceca 
reunite  caudad  of  testicles;  caudal! y 
of  acetabulum,  4 to  6 glandular  tes- 
ticular liulbs.  Female:  Whitish  to 
dark  red  brown,  15  to  20  mm.  long. 
Suckers  as  iu  male.  Skin  with 
minute  spines.  Intestine  as  in  male, 

« Synonyms.  — Schistosoma  Wein- 
land, 1858;  Gynsccophorus  Diesing, 


dor.^al  anterior  nerve;  oidp.,  dorsal  posterior  nerve;  ig5g.  Bilharzia  Cobbold,  1859;  The- 

nla.,  lateral  anterior  nerve;  nva.,  ventral  anterior  ,,  • rr\  t n 7 • 

■ 1 , . 7 17-1  cosoma  31oqum-landon,  1860;  Schis- 

nerve;  nvp.,  ventral  posterior  nerve;  p>lv.,  lateral  1 ’ ’ 

posterior  nerve;  gp.,  genital  pore;  t.,  testicles;  vs.,  tosomum  B.  Blanchard,  1895. 

vesicnla  seminalis.  (After  Looss,  1895,  pi.  2,  fig.  18.)  ^^Synonyms.  — Distomum  Juvmato- 

hium  Bilharz,  1852;  Schistosoma 

hcematohium  (Bilharz)  Weinland,  1858;  Giimrcojihorus  hxmatobius  (Bilharz)  Diesing, 

1858;  Bilharzia  hxmatohia  (Bilharz)  Cobbold,  1859;  (?)  Bilharzia  magma  Cobbold, 

1859;  Thecosorna  hccmalohium  {BiVaarT.)  Moquin-Tandon,  1860;  Distoma  capense  Yi2LV- 

ley,  1864,  nomen  nudum;  Bilharzia  capensis  Harley,  1864;  Bilharzia  hxmatohia 

hominis  Kowalewski,  1895;  (?)  Bilharzia  hrcmatohia  magma  (Cobbold)  Kowalewski, 

1895;  Schistosomurn  hxmatohium  (Bilharz)  Blanchard,  1895. 

Bibliography. — For  bibliography,  see  Huber  (1894,  pp.  294-305).  For  detailed 

anatondcal  study,  see  Looss  (1895,  pp.  1-108)  and  Leuckart  (1894,  pp.  464-534). 
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Fig.  86. — Anterior  portion  of  female  Human  Blood 
Fluke  {Schistosoma  hsematdbium) , showing  the  ana- 
tomic characters;  a,  acetabulum;  es.,  esophagus;  gp, 
genital  pore;  i. , intestine,  whmh  is  double  for  some  dis- 
tance, hut  the  two  eeca  unite  {i)  back  of  the  ovary;  oo., 
ootype;  ov.,  ovary;  ovd.,  oviduct;  s//.,  shell  gland;  sn., 
nervoussystem;  wi., uterus;  vtd., vitelloduct;  rg'.,vitello- 
gene  glands,  x 38.  (After  Looss,  1896,  pi.  11,  fig.  108.) 


Fig.  87. — Egg  of  Human  Blood 
Fluke  {Schistosoma  hsemato- 
bium),  with  contained  em- 
bryok,  passed  in  the  urine. 
X 285.  (After  Looss,  1896,  pi. 
11,  fig.  112.) 


Fig.  88.— Ureter  of  an  Egyptian, 
with  numerous  uric-acid  con- 
cretions, as  a result  of  blood- 
fluke  infection.  (After  Leuck- 
art,  1894,  p.  528,  fig.  231.) 
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but  the  ceca  reunite  caudally  of,  but  near  the  ovary.  Tterus  rather  straight,  ends 
posteriorly  in  a bulb-like  ootype,  immediately  posterior  of  which  the  shell  gland, 
oviduct,  and  vitelloducts-come  together;  ovary  sacular,  elongate;  vitellaria  extend 
from  near  the  caudal  end  of  the  ovary  to  the  caudal  end  of  the  body,  and  are 
provided  with  lateral  acini.  Eggs  oval,  135  to  160  long  by  55  to  66  j-i  broad; 
without  operculum,  but  usually  with  terminal  or  subterhiinal  spine;  develop  ciliated 
embryo  in  tissue  after  oviposition. 

Habitat. — Veins  of  man  {Homo  sapiens)  and  certain  monkeys. 

Geographic  distributiox. — Chiefly  in  Africa;  sporadic  imported  cases  in  other 
countries. 

IV  ASHIXGTON,  D.  C.,  August,  1903. 
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AN  ACCOIiNT  OF  THE  TAPEWORMS  OF  THE  GENUS  HYMESOLEPIS  PARA- 


(Prepared  under  the  direction  of  Ch.  Waedell  Stiles,  Chief  of  Division  of  Zoology.) 

By  Brayton  H.  Ransom,  M.  A.,« 

Assistant  in  Division  of  Zoology,  Hygienic  Laboratory,  United  States  Public  Health  and 

Marine- Hospital  Service. 


The  present  paper  comprises  a full  account,  from  both  zoological  and  medical 
standpoints,  of  the  representatives,  three  in  number,  of  the  tapeworm  genus  Hymen- 
olepis,  parasitic  in  man.  This  genus  has  received  but  slight  attention  from  American 
authors.  Recent  indications,  however,  point  to  the  probability  that  one  species  of 
this  genus,  Hymenolepis  nana,  the  dwarf  tapeworm  of  man  and  rats  is,  compared  with 
other  tapeworms,  not  an  uncommon  parasite  of  man  in  this  country.  Owing  to  its 
small  size,  and  the  necessity  of  depending  for  a diagnosis  of  its  presence  upon  the 
discovery  of  its  eggs  in  the  feces  by  microscopical  examination,  it  is  undoubtedly 
frequently  overlooked.  About  100  cases  altogether  of  this  parasite  have  been 
reported  from  man.  ^ Eleven  cases  have  been  found  in  this  country  during  1902- 
1903 — in  Texas,  Georgia,  South  Carolina,  and  the  District  of  Columbia. 

The  tapeworm  in  question  was  first  described,  upon  the  basis  of  specimens  from 
rats,  in  1845,  by  Dujardin,  as  Txnia  inurina  [not  Gmelin,  1790];  it  was  first  noticed 
in  man  by  Bilharz  at  Cairo,  Egypt,  in  1851,  and  a description  under  the  name  of 
Tsenia  nana  was  published  by  Siebold  (1852).  The  earlier  name,  T.  murina,  had 
already  been  used  for  another  form  by  Gmelin  in  1790,  and  the  name  nana  is  accord- 
ingly retained  as  the  correct  specific  designation. 

It  has  been  proved  experimentally  by  Italian  investigators  that  when  eggs  of  this 
parasite  are  swallowed  by  white  rats,  the  embryos  hatch,  bore  into  the  intestinal 

^Transferred  June  1, 1903,  to  IT.  S.  Bureau  of  Animal  Industry,  as  Assistant  Zoologist. 

Since  the  manuscript  of  this  paper  was  finished,  six  more  cases  have  been  found 
by  this  laboratory  in  the  District  of  Columbia,  among  123  children  in  orphan  asylums. 
Several  probable  cases  have  been  reported  to  us  by  letter  by  Dr.  J.  B.  De  Veiling, 
Jackson,  Miss.  Dr.  L.  E.  Magnenat,  of  Amarillo,  Tex.,  has  found  four  cases  in  a 
single  family  (Stiles,  1903c).  Finally  Dr.  H.  M.  Hallock  (1904a),  of  the  U.  S.  Army, 
has  reported  two  cases  at  Fort  Porter,  Buffalo,  N.  Y.,  in  soldiers  recently  returned 
from  the  Philippines.  This  makes  altogether  for  the  United  States  something  over 
25  cases,  all  but  one  having  been  recorded  since  August,  1902,  and  16  of  which  have 
been  found  by  members  of  this  laboratory  in  a systematic  examination  for  intestinal 
parasites  of  about  3,500  persons.  It  is  significant  that  in  these  examinations  only 
two  cases  of  the  beef-measle  tapeworm,  Taenia  saginata,  and  none  of  the  pork-measle 
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villi,  become  transformed  into  an  intermediate  stage  (cercocysts) , and  later  fall  again 
into  the  lumen  of  the  intestine  to  become  adult.  It  is  presumed  that  a similar  devel- 
opment occurs  in  man,  although  the  possibility  remains  that  development,  both  in 
man  and  in  the  rat,  may  also  occur  by  means  of  some  intermediate  host,  such  as  an 
insect,  not  yet  determined. 

From  the  clinical  side  abstracts  of  106  cases  are  given.  Five  of  these  are  here 
reported  for  the  first  time. 

Most  of  the  cases  have  been  in  males  and  the  large  majority  in  children,  commonly 
between  the  ages  of  5 and  10  years. 

Thirty-eight  of  the  cases  were  found  in  the  inmates  of  orphan  asylums,  a poor- 
house,  and  an  insane  asylum,  and  more  cases  have  been  reported  from  cities  than 
from  rural  districts.  Children  in  bad  hygienic  surroundings  seem  especially  liable 
to  infection,  and  institutional  life  seems  to  favor  the  occurrence  of  the  dwarf  tape- 
worm, both  in  children  and  in  adults. 

The  prevalence  of  infection  has  been  estimated  as  10  per  cent  among  the  children 
of  Italy.  In  the  Government  Hospital  for  the  Insane,  Washington,  the  parasite  has 
been  found  in  0.3  per  cent  of  about  2,000  patients  examined.  In  about  160  fecal 
examinations  recently  made  by*  Stiles  (1903a)  in  the  Southern  States,  the  percentage 
of  occurrence  of  H.  nana  was  0.25  per  cent. 

The  largest  number  of  cases  from  one  State  or  country,  65,  has  been  reported  from 
Italy;  the  District  of  Columbia  ranks  second  with  6 cases.  The  geographical  distri- 
bution of  the  parasite  as  recorded  for  man  accords  very  well  with  the  distribution  of 
the  parasite  as  recorded  for  rats,  and  is  practically  cosmopolitan  like  that  of  its  hosts. 

The  part  of  the  intestine  infected  is  the  ileum. 

The  number  of  worms  present  in  any  one  case  varies  from  a single  specimen  to 
several  thousand. 

Simultaneous  infection  with  other  parasites  is  common.  As  many  as  four  other 
species  of  parasites  have  been  found  occurring  with  H.  nana. 

Infection  may  persist  from  2 months  to  2i  years,  perhaps  to  5 years,  and  longer, 
or  until  terminated  by  successful  treatment. 

Comparison  with  statistics  relative  to  larger  tapeworms  indicates  that  the  symp- 
toms produced  by  the  presence  of  II.  nana,  while  not  more  severe,  apparently  occur 
with  greater  frequency  in  a severe  form  in  cases  of  H.  nana  than  in  cases  of  the 
larger  tapeworms.  This  circumstance,  however,  is  considered  not  to  indicate  a 
greater  nocuity  of  the  smaller  worm;  it  is  simply  due  to  the  fact  that  a relatively 
greater  number  of  cases  are  overlooked. 

The  symptoms  produced  by  the  dwarf  tapeworm  are  usually  slight,  and  may  be 
absent  entirely,  even  though  the  worm  be  present  in  large  numbers.  Severe  symp- 
toms, however,  such  as  persistent  diarrhea,  epileptiform  attacks,  etc.,  occasionally 
occur.  The  most  frequent  symptoms  are  abdominal  pain,  with  or  without  diarrhea; 
convulsions  of  various  sorts,  frequently  epileptiform;  headache  and  strabismus. 
Nasal  and  anal  pruritus,  common  in  cases  of  infection  with  other  tapeworms,  are 

tapeworm,  Tsenia  solium,  were  found.  These  facts  continue  not  only  to  bear  out  the 
original  assumption  of  Doctor  Stiles  that  the  dwarf  tapeworm  is  going  to  prove  a 
common  American  parasite,  but  seem  to  indicate,  furthermore,  the  likelihood  that 
it  will  turn  out  to  be  the  most  common  of  the  tapeworms  parasitic  in  man  in  this 
country. 

In  October  and  December,  1902,  the  examination  of  60  children  1 to  15  years  old. 
At  a hospital  in  Buenos  Aires,  Argentina,  showed  11  cases  of  infection  with  H.  nana. 
fLynch,  1904.)  On  a prior  occasion  101  children  were  examined  and  no  cases  were 
found.  Lynch  considers  the  results  of  these  examinations  to  indicate  that  the  para- 
site is  becoming  more  common  in  Argentina,  and  suggests  the  likelihood  of  many 
cases  having  been  introduced  by  Italian  immigrants,  large  numbers  of  whom  have 
come  into  the  countrv  in  recent  vears. 
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rarely  seen  with  H.  nana.  A predisposition  to  nervous  disease  seems  to  he  the 
important  factor  in  the  appearance  of  nervous  symptoms. 

The  local  pathological  changes  seem  to  be  slight.  The  elimination  of  a toxin 
which  is  absorbed  by  the  host  possibly  plays  an  important  part  in  the  production  of 
morbose  phenomena. 

Diagnosis  rests  upon  the  discovery  of  eggs  in  the  feces. 

Treatment  is  with  male  fern  and  several  repetitions  are  frequently  necessary. 

Prophylaxis  consists  in  everything  Avhich  will  avoid  the  entrance  of  the  eggs  of 
the  parasite  into  the  mouth,  as  well  as  of  insects,  some  of  which  may  be  able  to  serve 
as  intermediate  hosts  and  thus  convey  infection.  It  comprises  the  destruction  of 
rats  and  mice;  the  protection  of  food  from  contamination  by  the  excreta  of  rats;  the 
exclusion  of  insects  from  the  food;  and  general  carefulness  in  regard  to  what  is  put 
into  the  mouth;  especially  should  this  last  rule  be  enforced  in  the  case  of  children, 
who  commonly  put  into  their  mouths  all  sorts  of  objects,  some  of  which,  soiled  by 
the  excreta  of  infected  persons  or  rats,  may  carry  the  eggs. 

Hymenolepis  dhnimita,  the  flavopunctate  tapeworm  of  man  and  of  rats,  was  first 
described  by  Pudolphi,  in  1819,  from  specimens  collected  in  Brazil  from  rats.  The 
same  species  was  redescribed  by  Creplin  (1825a)  as  Tsenia  leptocephala.  It  was  first 
described  from  man  by  IVeinland  (1858),  who  did  not  recognize  its  identity  and 
called  it  Hymenolepis  davopunctaia. 

Development  occurs  by  means  of  an  intermediate  host,  and  several  insects  have 
been  shown  to  act  in  this  role;  the  common  meal  moth  {Asopia  farinalis),  both  in 
larval  and  adult  stages,  is  perhaps  the  usual  intermediate  host. 

Twelve  cases  have  been  reported  from  man,  3 in  the  United  States,  2 in  South 
America,  and  the  rest  in  Europe. 

Symptoms  were  practically  absent  in  all  the  cases. 

Diagnosis  is  established  by  the  discovery  of  the  eggs  in  the  feces. 

The  worm  seems  to  be  easily  expelled,  and  may  pass  without  treatment.  A simple 
cathartic  has  been  efficient. 

Prophylaxis  consists  in  avoiding  the  ingestion  of  any  of  the  A'arious  insects  which 
may  act  as  intermediate  hosts. 

Hymenolejns  lanceolata,  the  lanceolate  tapeworm  of  geese  and  ducks,  has  been 
recorded  but  once  from  man. 


IXTRODrCTIOX. 


Of  the  tapeworms  para.sitic  in  man  there  is  one  genus  which  is 
commonly  overlooked  in  medical  text-hooks,  or  at  most  passed  over 
with  only  the  slightest  mention,  namely.  Hyraenolepis.  This  genus, 
composed  of  a considerable  number  of  species,  is  mostly  restricted  in 
its  hosts  to  insectivorous  mammals  and  birds,  but  three  species.  Hynien- 
olepis  nana,  H,  diminvta.  and  S.  Janceolata  have  been  also  reported 
from  man.  The  first  of  these.  H,  nana.  is  the  most  common  of  the 
three,  and  the  most  important.  Like  the  larger  tapeworms  it  is  fre- 
quently the  cause  of  severe  symptoms,  and  indeed  has  been  alleged  by 
some  authors  to  be  productive  of  more  serious  effects  than  the  former. 
In  Italy,  particularly  Sicily,  it  seems  to  be  one  of  the  commonest  para- 
sites: some  authors  estimate  that  as  many  as  10  percent  of  the  children 
of  certain  classes  in  that  country  are  infested  by  it.  Its  existence  in  the 
U nited  States  has  been  practically  ignored  on  account  of  its  apparent 
rarity,  only  1 case  until  recently  having  been  reported  for  this  country. 
There  is.  however,  some  evidence  to  show  that  H.  nana  is  consider- 
ably more  common  in  the  United  States  than  generally  supposed. 

Owing  to  the  small  size  of  the  tapeworm  in  question  and  the  conse- 
quent necessity  of  depending  for  a diagnosis  of  its  presence  upon  the 
discovery  of  its  eg^  in  the  feces,  it  seems  very  probable  that  it  has 
been  overlooked  many  times:  and  it  is  expected  that  as  the  microscope 
comes  more  generally  into  use  as  an  aid  in  diagnosis  of  diseases,  new 
cases  of  H.  nana  will  come  to  light  from  time  to  time.  Weight  is 
given  to  these  statements  by  the  fact  within  the  past  year  11  new  cases 
have  been  added  to  the  single  one  formerly  on  record  for  the  United 
States:  namely.  1 in  Texas  by  Dr,  John  T.  Moore.  1 in  South  Caro- 
lina and  3 in  Georgia  bv  Dr.  Ch.  Wardell  Stiles,  and  6 in  the  District 
of  Columbia  by  members  of  this  laboratory.® 

In  the  light  of  these  recent  developments  HyrnenoJepijs  nana  appears 
to  merit  more  attention  than  it  has  hitherto  received  in  this  country, 
and  Doctor  Stiles  has  accordingly  requested  me  to  prepare  a paper 
upon  the  genus  IIyrnenolej^>h.  taking  into  consideration  such  species  as 
are  of  interest  in  human  medicine.  A paper  similar  to  the  present 
also  seemed  desirable  from  another  standpoint:  most  of  the  literature 
is  not  generally  accessible,  being  scattered  in  various  foreign  journals 
and  in  several  languages:  although  Blanchard  in  1S91  published  in 
Trench  an  excellent  paper  on  the  genus,  which  contained  a complete 
resume  of  the  literature  then  extant,  practically  nothing  has  appeared 


10 


« For  additional  cases  see  footnote,  p.  i . 
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in  English,  and  altogether  there  is  very  little  upon  the  group  readily 
available  to  the  American  ph3^sician.  In  the  preparation  of  this  paper, 
practicalh"  the  entire  literature  of  Hymenoleph  in  man  has  been  con- 
sulted, with  the  intention  of  bringing  together  eveiything  that  is 
known  to  date,  regarding  this  genus  in  its  relation  to  human  medicine. 

Genus  H YMENOLEPIS  « Weinland,  1858. 

Generic  diagnosis. — Family  Tseniidie,  subfamily  Dipylidiinae:  Head  generally 
small;  rostellum  retractile,  well  developed  and  armed,  or  rudimentary  and  unarmed; 
suckers  usually  unarmed.  Genital  pores,  single,  marginal,  unilateral.  Testes  few; 
usually  three  in  each  segment.  Uterus  sac-like;  often  filling  the  segment;  frequently 
with  outpocketings  and  incomplete  partitions.  Eggs  with  two,  three  or  four  mem- 
branes, the  inner  of  which  closely  invests  the  embryo  and  may  exhibit  a small 
mamillate  projection  at  each  pole;  the  outer  membrane  is  separated  from  the  inner 
by  a wide  intervening  space.  Larva  a cercocyst  or  staphylocyst. 

Type  species. — Hymenolepis  flavopunctata^''e\Vi\diiidi,  1858=LT.  diminuta  (Kudolphi, 
1819) . 

The  genus  Tlymenolepis  was  established  b}^  Weinland  in  1858  with 
H.  Jlavopunctata  (=  AT.  diminuta)  as  t^ye,  but  was  neglected  almost 
entirely  until  rehabilitated  by  Blanchard  in  1891.  The  characters  of 
the  genus  as  it  now  stands  coyer  30  or  10  species,  some  of  which  in 
many  respects  are  widely  divergent.  It  is  therefore  likeh’  that  in  the 
course  of  time  some  of  these  species  will  be  taken  out  of  the  genus  and 
placed  in  new  genera.  Cohn  (1899  c,  e,  g,  1900  b,  1901  b)  has  recently 
taken  a step  in  this  direction  by  proposing  a division  of  the  genus 
into  two  subgenera.  In  the  subgenus  Ilymenolepis  he  would  place 
those  forms  of  the  group  which  possess  either  an  unarmed  and  rudi- 
mentar}^  rostellum,  or  a rostellum  armed  with  20  to  30  hooks.  In  the 
second  subgenus  Drepanidot8enia\iQ  would  place  forms  possessing  8 to 
10  hooks.  According  to  this  classilication,  IL  diminuta  and  H.  nana 
fall  together  in  the  first  subgenus,  and  II.  lanceolata  in  the  second. 
There  are,  however,  certain  objections  to  this  scheme  of  classification, 
one  being  that  it  is  decided!}"  artificial  and  as  such  has  been  opposed 
by  Wolffhugel  (1899b,  1900  b)  and  also  by  myself  in  a former  paper 
(Ransom,  1902).  As  an  indication  of  the  artificial  nature  of  the  proposed 
classification,  it  may  be  remarked  that  there  are,  in  the  group,  tape- 
worms with  8 to  10  hooks  which  resemble,  in  the  greater  part  of  their 
anatomy,  worms  with  rudimentary  rostellum  much  more  than  they 
resemble  other  worms  with  8 to  10  hooks;  consequently,  the  use  of  a 
character,  based  upon  the  number  of  hooks,  as  a criterion  in  classifi- 
cation would  often  result  in  placing  in  one  subgenus  a species  which, 
in  all  essentials  except  this  one  character,  resembled  the  species  typical 
of  the  second  subgenus,  more  than  it  resembled  the  type  of  the  first, 
and  vice  versa.  . 

« Synonyms. — Hymenolepis  3Ueinland,  1858;  Diplacanthus  AVeinland,  1858  (not 
Agassiz,  1842,  fish);  Lepidotrias  Weinland,  1858;  Hymenolepsis^’  of  Osier,  1895,  and 
other  authors  (misprint);  Diplocanthiu'^  of  Cohn,  1899  (misprint). 
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Although  the  plea  of  utility  is  an  argument  which  might  be  advanced 
in  favor  of  Cohn's  division  of  the  genus,  it  is,  in  fact,  about  the  onl}" 
argument,  and  moreover  of  little  weight,  since  it  is  questionable 
whether  such  a division  offers  any  advantages,  even  when  viewed  from 
a purely  practical  standpoint.  While  the  character  selected  by  Cohn 
as  a distinguishing  mark  is  certainly  an  eas}^  one  to  use  (though  the 
loss  of  hooks  from  the  rostellum  might  in  some  cases  prove  mislead- 
ing), it  does  not  seem  to  me  that  anything  is  to  be  gained  b}^the  sepa- 
ration of  the  various  species  now  comprising  the  genus  into  the  purely 
artificial  groups  proposed  bv  Cohn,  when  it  is  almost  certain  that  a 
revision  will  sooner  or  later  be  necessaiy,  which  will  break  up  the 
genus  along  altogether  different  lines. 

As  there  seems  to  be  no  sufficient  reason,  either  from  theoretical 
or  practical  considerations,  for  recognizing'  Cohn’s  division  into  sub- 
genera, and  as  an  attempt  to  revise  the  genus  upon  a rational  basis  is 
be}mnd  the  purposes  of  the  present  paper,  if  indeed  such  a revision 
could  successful!}"  be  carried  out  at  the  present  time,  the  three  forms 
to  be  discussed  will  be  regarded  simply  as  belonging  to  the  same 
genus,  ILjmenolejns^  and  the  differences  between  them  as  of  specific 
value  only. 

KEY  FOR  THE  DETERMINATION  OF  THE  SPECIES  OF  HYMEXOLEPLS  PARASITIC  IN  MAN. 

Strobila  small,  5 to  45  mm.  long,  by  0.5  to  0.9  mm.  wide,  filiform;  head  armed  with 
a crown  of  20  to  30  hooks;  eggs  generally  oval,  with  filaments  attached  to  the 

poles  of  the  inner  membrane;  common Hymenolepis  nana. 

Strobila  10  to  60  mm.  long  by  2.5  to  4 mm.  wide;  head  unarmed;  eggs  generally  round, 
prominent  intermediate  layer  of  albuminous  substance  between  outer  and  inner 

membranes,  outer  membrane  frequently  with  radial  striations;  rare 1 

Hymenolepis  diminuta. 

Strobila  lanceolate,  30  to  130  mm.  long  by  5 to  18  mm.  broad;  head  small,  compared 
with  strobila,  armed  with  8 to  10  hooks;  eggs  oval,  without  filaments  on  the  inner 
membrane;  very  rare Hymenolepis  lanceolaia. 

The  Dwarf  Tapeworm — HYMENOLEPIS  NANA«  ( Siebold,  1852)  Blanchard, 
1891. 

Specific  diagnosis. — Hymenolepis:  Strobila  5 to  45  mm.  in  length,  and  0.5  to  0.9 
mm.  in  maximum  breadth,  composed  of, about  100  to  200  segments.  Head  sub- 
globular,  130  to  480  p in  diameter;  rostellum  well  developed,  freely  movable, 
armed  with  a single  crown  of  20  to  30  hooks,  14  to  18  p in  length;  suckers  globular, 
80  to  150  p in  diameter.  Neck  long.  Anterior  segments  very  short;  following  seg- 
ments increase  in  length  and  breadth,  but  remain  broader  than  long,  except  that  the 
length  of  the  hindermost  segments  may  occasionally  equal  or  even  slightly  exceed 

« Synonyms. — murma  Hujardin,  1845  (not  T.  murina  Gmelin,  1790=Ci/shcer- 
cus  fasciolar  is  Rudolphi);  Teenia  nana  Siebold,  1852  (not  Van  Beneden,  1858);  T. 
segyptiaca  Bilharz,  1852  (notKrabbe,  1869);  Diplacanthus  nanus  (Siebold)  Weinland, 
1858;  T.  {Hymenolepis)  nana.  Siebold  of  Leuckart,  1863;  T.  “rana’^  of  Bell,  1886 
(misprint);  Hymenolepis  nana  Blanchard,  1891;  H.  murina  Blanchard,  1891;  Hymc- 
nolepsis^^  nana  of  Osier,  1895,  and  other  authors  (misprint);  Teenia  minima  of 
Huber,  1896  (misprint  for  T.  murina). 
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their  breadth.  Genital  pores  on  the  left  margin,  near  anterior  border  of  each  seg- 
ment. Three  testes  in  each  segment;  vas  deferens  enlarged  to  form  a seminal  vesicle 
within  the  cirrus  pouch,  while  a seminal  reservoir  outside  cirrus  pouch  is  only 
slightly  developed  or  absent.  Gravid  uterus  occupies  nearly  the  entire  segment;  wall 
of  uterus  with  a few  inconspicuous  infoldings,  forming  incomplete  partitions  extend- 
ing into  the  cavity  of  the  uterus.  Eggs  number  80  to  180  in  each  segment;  oval  or 
globular;  two  distinct  membranes;  outer  membrane  30  to  60  /i  in  diameter;  inner 
membrane  16  to  34  j-i  in  diameter,  presenting  at  each  pole  a more  or  less  conspicuous 
mamillate  projection,  provided  with  filamentous  appendages;  embryonal  hooks  10 
to  14  long. 

Habitat. — Small  intestine  of  brown  or  Norway  rat  {Mus  decumaniis);  black  rat 
{ Mus  rattus) ; dwarf  field  mouse  {Mus  minutus);  house  mouse  {Mus  muscuhis);  garden 
dormouse  {EUomys  quercinus) ; and  man  {Homo  sapiens). 

Development. — The  embryo  is  swallowed,  and  after  hatching  enters  a villus  of 
the  small  intestine,  where  it  transforms  into  a cercocystis,  which  in  turn  falls  into 
the  lumen  of  the  intestine  and  becomes  adult. 

Geographic  distribu'^ton. — Egypt,  England,  Italy,  Sicily,  Russia,  Germany, 
Servia,  France,  Austria,  Denmark,  Siam,  Japan,  Pennsylvania,  District  of  Columbia, 
Maryland,'  South  Carolina,  Georgia,  Texas,  Brazil,  Argentina. 

The  Flavopunctate  Tapeworm — HYMENOLEPIS  DIMINUTA'^  ( Rudolphi, 
1819)  Blanchard,  1891. 

Specific  diagnosis. — Hymenolepis:  Strobila  10  to  60  mm.  in  length,  2.5  to  4 
mm.  in  maximum  breadth;  composed  of  800  to  1,300  segments.  Head  small, 
almost  globular;  200  to  600  p in  width;  rostellum  rudimentary,  pyriform,  only 
slightly  protractile;  hooks  absent;  suckers  globular,  near  the  apical  portion  of 
the  head,  80  to  160  p in  diameter.  Xeck  usually  short.  Segments  throughout 
strobila  broader  than  long.  Genital  pores  on  left  margin,  near  the  junction  of  the 
anterior  and  middle  thirds  of  each  segment.  Three  testes  in  each  segment;  vas 
deferens  dilates  into  a prominent  seminal  vesicle  before  entering  the  cirrus  pouch, 
within  which  also  is  a vesicle.  Gravid  uterus  occupies  most  of  the  proglottis;  its 
cavity  is  subdivided  into  a large  number  of  incompletely  separated  compartments 
filled  with  eggs.  Eggs  round  or  slightly  oval;  outer  membrane  54  to  86  u in  diam- 
eter, yellowish  in  color,  may  be  radially  striated;  inner  membrane  24  by  20  p to  40 
by  35  p in  diameter,  with  mamillate  projection  at  each  pole  often  not  apparent; 
between  outer  and  inner  membranes  a prominent  third  layer  of  albuminous  sub- 
stance, often  appearing  as  two  delicate  smooth  membranes,  with  intervening  space 
filled  by  a granular  coagulum;  embryonal  hooks  11  to  16  p in  length. 

Habitat. — Adults  in  small  intestine  of  brown  or  Norway  rat  {Mus  decumanus); 
black  rat  (J/.  rattu.s)-,  house  mouse  {M.  muscuhis);  Egyptian  or  roof  rat  {M.  rattus 
alexandrinus) ; wood  or  field  mouse  {M.  sylvaticus);  RMpidomys  pyrrhorhinus 
[according  to  Linstow,  1878  a,  p.  23];  and  man  {Homo  sa2Rens). 

^Synonyms.— Zhiifa  diminuta  Rudolphi,  1819;  T.  leptocephala  Creplin,  1825; 
Hymenolepis  fiavopunctata  Weinland,  1858;  Taenia  {Hymenolepis)  flavopunctata  Wein- 
land,  1859;  H.  {Lepidotrias)  flavopunctata 'Weinland,  1861;  T.  flavomaculata  Leuckart, 
1863;  T.  ‘flavopuncta^^  Weinland  of  Cobbold,  1864  (misprint);  T.  ^ flaviopunctata”  of 
Vogt,  1878  (misprint);  T.  ^flavopunktata^’  of  Stein,  1882  (misprint);  T.  varesina  E. 
Parona,  1884;  T.  minima  Grassi,  1886;  T.  ^‘septocephala’^  of  Perroncito  & Airoldi,  1888 
(misprint);  Hymenolepis  diminuta  (Rudolphi,  1819)  Blanchard,  1891;  ^‘Hymenolep- 
sio^  flavopunctata  of  Osier,  1895,  and  other  authors  (misprint);  T.  ^^varerina''  Parona 
of  Huber,  1896  (misprint  for  T.  varesina);  T.  ‘ flavapimctata  of  Simon,  1896  (mis- 
print) ; T.  ^deptocefala’^  PrevitCTa,  1900  (misprint);  T.  ceptocephala  Lussana  &Romaro 
[?date]  (misprint);  '‘Tenia  flavopunctata^’  of  Packard,  1900. 
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Development. — The  lars^al  stage  ( Cercocystis  H.  diminutse)  occurs  in  larval  and  adult 
meal  moths  {Asopia  farinalis) ; in  young  and  adult  earwigs  {Anisolahis  annulipes) ; and 
in  adult  beetles  {Acis  spinosa  and  Scaurus  striatus). 

Geographic  distribution. — Massachusetts,  Pennsylvania,  Nebraska,  Iowa,  Dis- 
trict of  Columbia,  Maryland,  Brazil,  Italy,  Germany,  France,  Austria. 

The  Lanceolate  Tapeworm — HYMENOLEPIS  LANCEOLATA«  (Bloch,  1782) 

Weinland,  1858. 

Specific  diagnosis. — Hymenolepis:  Strobila  lanceolate,  30  to  130  mm.  long,  by  5 to 
18  mm.  broad.  Head  compared  with  strobila  very  small ; rostellum  protractile,  armed 
with  single  row  of  8 hooks,  31  to  35  p long.  Neck  short,  often  retracted  with 
head  into  anterior  portion  of  strobila.  Segments  much  broader  than  long  through- 
out the  strobila.  Genital  pores  on  right-hand  margin  of  segment  near  anterior 
border.  Three  testes  in  each  segment;  vas  deferens  enlarged  to  form  a seminal  ves- 
icle, frequently  S-shaped,  before  entering  cirrus  pouch;  within  latter,  a second  vesicle; 
vas  deferens  describes  a complete  loop  in  cirrus  pouch  before  being  transformed  into 
the  cirrus;  cirrus  freely  protrusible,  armed  with  spines.  Female  organs  on  opposite 
side  of  segment  from  genital  pore;  gravid  uterus  sac-like,  with  out-pocketings,  filling 
most  of  the  segment.  Egg  oval  or  spherical,  with  two  thin  membranes  separated  by 
an  intervening  space  containing  a small  amount  of  albuminous  substance;  inner 
membrane  occasionally  with  polar  papillae;  outer  membrane  50  by  35  y to  100  by 
100  yu  in  diameter;  inner  membrane  30  by  25  p to  40  by  25  p in  diameter;  embryonal 
hooks  8 to  15  yu  in  length. 

Habitat. — Adults  in  intestine  of  tame  duck  boschas  domestica)  ; black  duck 

{Anas  obscura) ; tame  goose  {Anseranser  domesticus) ; muscovy  duck  ( Cairina  moschata) ; 
white-headed  duck  {Erismatura  leucocephala)  •,  pochard  {Aythya  ferina)  ; African 
teal  {Aythya  nyroca)  ] red-crested  pochard  {Aythya  rufina);  flamingo  {Phoenicopterus 
roseus).  Zschokke  (1902)  has  recently  reported  one  case  in  man  {Homo  sapiens). 

Development. — Not  experimentally  determined.  Larval  stage  probably  lives  in 
small  fresh-water  Crustacea. 

Geographic  distribution. — England,  Denmark,  France,  Germany,  and  Austria. 
The  Dwarf  Tapeworm — HYMENOLEPIS  NANA  (Siebold,  1852)  Blanchard,  1891. 

^ HISTOKICAL  REVIEW. 

Hymenolepis  nana  was  first  discovered  in  man  by"  Bilharz  in  1851  at 
Cairo,  Egypt,  and  the  next  year  Siebold  (1852)  published  a descrip- 
tion, based  upon  letters  from  the  discoverer,  which  translated  reads  as 
follows: 

Tsenia  nana  Sieb.  ^ — It  will  not  surprise  us  that  among  the  many  helminths  which 
are  found  in  man  in  the  Nile  countries  there  is  also  a special  tapeworm.  Bilharz 
discovered  such  a one  and  wished  to  call  it  after  its  native  country,  Tsenia  segyptiaca; 


« Synonyms. — Tsenia  anserum  Frisch,  1727  [according  to  Rudolphi,  1810];  T.  anseris 
Bloch,  1779  [according  to  Rudolphi,  1810];  T.  lanceolata  Bloch,  1782  (not  T.  lanceo- 
lata  Chabert;  not  T.  lanceolata  Rosseter,  1891) ; T.  acutissima  Pallas,  1781,  in  part; 
T.  lanceola  Batsch,  1786;  Halysis  lanceolata  (Bloch,  1782)  Zeder,  1803;  Hymenolepis 
{Dilepis)  lanceolata  (Bloch,  1782)  Weinland,  1858;  Drepanidotsenia  lanceolata  (Bloch, 
1782)  Railliet,  1892;  Hymenolepis  {Drepanidotsenia)  lanceolata  Cohn,  1899;  Tsenia- 
Drepanidotsenia  lanceoWa  (Bloch)  Dadai,  1900. 

^Tsenia  nana  Sieb. — Es  wird  uns  nicht  iiberraschen,  dass  unter  den  vielen  Hel- 
minthen,  -welche  in  den  Nillandern  den  Menschen  bewohnen,  sich  auch  ein  besonderer 
Bandwurm  befindet;  Bilharz  hat  einen  solchen  entdeckt  und  nach  seinem  Vaterlande 
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but,  as  it  might  develop  later  that  the  distribution  of  this  parasite  is  not  confined 
merely  to  Egypt,  I have  proposed  for  it  the  name  of  Tsenia  nana,  as  this  tapeworm, 
through  its  smallness,  contrasts  extraordinarily  with  the  other  two  tapeworms  of 
man.  That  this  small  tapeworm  is  not  perchance  a torn  or  mutilated  fragment  may 
be  asserted  definitely,  as  I found  many  individuals  uninjured  and  pro\dded  with  a 
rounded  last  segment. 

The  first  report  upon  this  parasite  I received  from  Bilharz,  under  date  of  May  1, 
1851,  in  the  following  words: 

‘Mn  the  body  of  a boy  who  had  died  of  meningitis  there  appeared  after  the  first 
cut  into  the  intestine  a countless  number  of  small  tapeworms,  Tsenix,  ‘uith  broad 
segments  completely  formed,  of  the  thickness  of  sewing  thread,  and  hardly  10"'  long. 
The  head  is  large,  its  anterior  surface  smooth,  quadrangular,  and  its  corners  formed 
by  the  round  suckers  located  upon  spherical  eminences.  In  the  posterior  portion  the 
head  gradually  grows  narrower  and  tapers  into  the  long  slender  neck.  The  segments 
found  in  succession  behind  the  neck  become  gradually  broader,  until  at  the  posterior 
end  of  the  body  they  assume  a breadth  3-4  times  that  of  the  head.  This  Taenia, 
moreover,  occupied  only  a limited  portion  of  the  ileum.” 

Taenia  aegyptiaca  benennen  wollen,  da  es  sich  aber  spiiter  herausstellen  konnte,  dass 
die  Yerbreitmig  dieses  Parasiten  sich  nicht  bloss  auf  Aegypten  beschriinkt,  so  habe 
ich  fur  denselben  den  Xamen  Taenia  nana  vorgeschlagen.  indem  dieser  Bandwurm 
gegen  die  beiden  anderen  Bandwurmarten  des  IMenschen  durch  seine  Kleinheit 
ausserordentlich  absticht.  Dass  dieser  kleine  Bandwurm  nicht  etwa  ein  abgerissenes 
Oder  verstiimmeltes  Bruchstiick  ist,  liisst  sich  mit  Bestimmtheit  behaupten,  da  ich 
viele  Individuen  imverletzt  und  mit  abgerundetem  letzten  Gliede  versehen  vorfand. 

Die  erste  Nachricht  fiber  diesen  Schmarotzer  erhielt  ich  von  Bilharz  unterm  1. 
Mai  1851  mitfolgenden  Worten: 

“In  der  Leiche  eines  an  Meningitis  verstorbenen  Knaben zeigte  sich  mir  nach dem 
ersten  Schnitt  in  den  Darm  eine  unzahlige  Menge  eines  kleinen  Bandwurmes,  einer 
Taenia  mit  breiten  Gliedern,  vollstandig  ausgebildet,  von  Yahfadendicke  und  einer 
Lange  von  kaum  10'".  Der  Kopf  ist  gross,  seine  Yorderfiache  eben,  viereckig,  die 
Ecken  durch  die  runden,  auf  kugeligen  Erhabenheiten  stehenden  Saugnapfe  gebildet. 
Xach  hinten  nimmt  der  Kopf  allmalig  an  Breite  ab  mid  geht  in  den  langen  schmalen 
Hals. fiber;  die  hinter  dem  Halse  sich  nach  und  nach  einfindenden  Gheder  werden 
immer  breiter,  bis  sie  am  Hinterende  des  Korpers  die  3-4  fache  Breite  des  Kopfes 
einnehmen.  Diese  Taenia  nahm  fibrigens  nur  eine beschriinkte  Strecke  des  Ileum  ein.  ’ ’ 

Unterm  1.  December  schrieb  mir  Bilharz  fiber  diesen  Bandwurm  weiter  : 

“ Taenia  nana  ist  gewiss  ein  ausgewachsenes  Thier.  Ich  habe  die  Eier  am  frischen 
Thier,  das  ich  leider  seit  jenem  Male  nie  wieder  fand,  beobachtet  und  auch  in 
Weingeistexemplaren  wieder  erkannt.  Sie  sind  kugelrund,  haben  eine  dicke 
gelbliche  Schale,  und  z war  nur  eine,  wie  mir  scheint,  doch  zog  sich  der  Inhalt  der  Eier 
unter  dem  Einfiuss  des  Meingeistes  kugelfdrmig  zusammen,  es  mag  daher  noch  eine 
dfinne  Dotterhaut  vorhanden  sein.  Die  sechs  Hiikchen  der  Taenien-Embryonen 
waren  in  den  frischen  Eiern  deutlich  zu  sehen.  Die  Cirri  finde  ich,  wie  Sie  es 
bereits  bemerkt  haben,  alle  am'  einer  und  derteiben  Seite  angebracht.  Die  Eier 
sind  1 00'"  [sic]  gross.” 

Als  Diagnose  ffir  diesen  Bandwurm  stellte  Bilharz  folgende  Beschreibung  hin: 

Taenia  nana. — Corpus  filiforme,  depressum,  caput  antice  obstusum  [sic],  collum 
versus  sensim  attenuatmn,  acetabulis  subglobosis  rostello  pyriformi  uncinulorum 
bifidorum  corona  armato.  Articuli  transversi,  cirri  ommes  unum  eundemque 
marginem  spectantes.  Ovula  globosa  testa  l^evi  simplici  instructa. 

Long.  6 lin. 

Patria  Hlgyptus,  in  hominis  intestino  tenui  semel  reperta  permagno. 
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Under  date  of  December  1 Bilharz  wrote  me  further  with  regard  to  this  tapeworm: 
Tsenia  nano,  is  certainly  a full-grown  animal.  I observ*e<l  the  eggs  in  the  fresh 
animal,  which,  unfortunately,  I never  have  found  again  since  that  time,  and  also 
recognized  them  again  in  samples  in  alcohol.  They  are  round  like  balls,  have  a 
thick  yellowish  shell,  and  indeed  only  one,  as  it  appears  to  me;  yet  the  contents 
of  the  eggs  contract  under  the  influence  of  the  alcohol  into  a globular  shape,  hence 


Fig.  1. — Original  type  figure  of  T^nia  nana  Siebold  (=H.  nana).  Head  and  portion  of  strobila. 
Enlarged.  (After  Siebold.  1S52.  fig.  IS.  i 

Fig.  2. — Original  type  figure  of  Tsmia  murina  Dujardin  i=S.  nana).  Head  and  portion  of  strobila. 

Enlarged.  i After  Dujardin.  1845a,  pi.  12,  fig.  AJL.  j 
Fig.  3. — Head  and  strobila  of  E).  nana.  Enlarged,  Leuckart.  1S63.  p.  393,  fig.  112. 

Fig.  4. — Head  and  jiortion  of  strobila  of  H.  nana.  Enlarged.  After  Railliet,  1S93.  p.  293.  fig.  190. . 


there  may  be  present  also  a thin  yolk  membrane.  The  six  little  hooks  of  the 
Tsenia  embryos  were  to  be  seen  distinctly  in  the  fresh  eggs.  I And  the  cirri,  as  you 
already  have  observed,  all  placed  on  one  and  the  same  side.  The  eggs  are 
in  size.’’ 

As  a diagnosis  for  this  tapeworm,  Bilharz  offered  the  following  description: 

Tsenia  nana:  Body  Aliform,  depressed;  head  obtuse  anteriorly,  gradually  tapering 
into  the  neck,  with  almost  globular  suckers  and  pyriform  rostellum  armed  with  a 


crown  of  bifid  hooks.  Segments  broader  than  long,  cirri  situated  all  on  one  and  same 
margin.  Eggs  globose,  furnished  with  a single  thin  shell.  Length,  6 lines. 

Native  country,  Egypt;  collected  once  in  large  numbers  from  the  small  intestine 
of  man.  (Translation). 

Leuckart  (1863)  added  to  this  brief  account  by  a study  of  some  of 
the  original  specimens,  and  more 
recently  our  knowledo-e  of  the  anat- 
omy  has  been  further  increased  by 
Blanchard  (1886a,  e,  f.  1891a), 

Grass!  & Calandruccio  (1887a),  Mer- 
tens  (1892),  and  a number  of  other 
obseryers. 

Some  years  earlier  than  the  first 
report  of  Hymenolepis  nana  in  man, 

Dujardin  (1845a,  pp.  564-565,  pi. 

12,  fig’.  A)  reported  from  the  rat, 

Mus  deciimanus^  a new  tapeworm, 

Tsenia  murina  (not  Tsenia  murina 
Gmelin,  1790=  Cysticercus  fascio- 
laris  Rudolphi,  1810),  which  seems 
in  all  respects  to  be  identical  with 
Hymenolejns  ncuicu  and  is  so  con-j 
sidered  by  Grass!,  Lutz  (1894), 

Mingazzini  (1898),  Massari  (1898). 
and  others.  The  following  is  a trans- 
lation  of  Dujardin's  description: 

Tsenia  murnia  Dujardin,  nov.  — Twenty-five  mm.  long,  from  0.55  mm.  to  0.9  mm. 

broad,  composed  of  very  numerous  segments,  four  to  eight  times  as  Ijroad  as  they  are 
long;  head  0.32  mm.  broad,  with  a short  thick  rostellum  surrounded  by  a simple  crown 
of  twenty  to  twenty-four  hooks  from  0.015  mm.  to  0.017  mm.  long;  suckers  0.08 
mm.  broad;  neck  0.15  ixmi.  broad;  i rst  segments  very  short;  the  following  (male) 
0.07  mm.  long,  from  0.55  mm.  to  0.6  mm.  broad;  the  last  filled  with  ripe  eggs  from 

« Tenia  murin  ( Tsenia  murina  Duj.,  nov.  ^p.) . — Long  de  25  mm.,  large  de  0 mm.  55 
a 0 mm.  9,  forme  d’ articles  tres  nombreux,  quatre  a huit  fois  aussi  larges  que  longs; 
tete  large  de  0mm.  32,  avec  une  trompe  courte,  epaisse,  entouree  d’une  couronne  simple 
de  vingt  a vingt-quatre  crochets  longs  de  0 mm.  015  a 0 mm.  017;  ventouses  larges  de 
0 mm.  08;  cou  large  de  0 mm.  15;  premiers  articles  tres  courts;  les  suivants  (males) 
longs  de  0 mm.  07,  larges  de  0 mm.  55  a 0 mm.  6;  les  derniers  remplis  d’oeufs  murs  longs 
de  0 mm.  15  a 0 mm.  17,  larges  de  0 mm.  8 a 0 mm.  9;  tons  les  articles  ayant  leurs  angles 
posterieurs  un  peu  saillants,  aigus,  en  dents  de  scie;  orifices  genitaux  unilateraux; 
testicule  claviforme,  etendu  trans versalement  depuis  le  milieu  jusqu’au  receptacle  du 
penis  en  forme  de  cornue;  penis  lisse,  tres  grele,  peu  saillant;  oeufs  elliptiques  a 
trois  enveloppes;  I’externe  longue  de  0 mm.  065;  la  moyenne  membraneuse,  plissee, 
longue  de  0 mm.  05;  rinterne  plus  resistante,  un  peu  oblongue  et  terminee  par  une 
pointe  obtuse  a chaque  extremite;  embryon  long  de  0 mm.  029  a 0 mm.  030,  avec  les 
crochets  de  0 mm.  015  a 0 mm.  016. 

Je  I’ai  trouve,  a Rennes,  dans  mi  surmulot  {Mus  decumanus) , dans  un  mulot  nain 
{Mv^pumilus)  [=J/.  inmwhtsb  dans  unlerot  {Myoriis  nitelo)  \_=Eliomys  qnercinus']. 


pi.  12.  figs.  9-10.1 
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0.15  mm.  to  0.17  mm.  long,  from  0.8  to  0.9  mm.  broad;  all  the  segments  having 
their  posterior  angles  somewhat  salient,  sharp,  shaped  like  saw  teeth;  genital 
orifices  unilateral;  testicle  [misinterpretation  of  seminal  receptacle]  claAdform,  ex- 
tending transA'ersely  from  the  middle  to  the  receptacle  of  the  penis  in  the  shape  of 
a retort:  penis  smooth,  very  slender,  not  A*ery  sahent;  eggs  elhptical  with  three 
em’elopes;  the  external  one  0.065  mm.  long;  the  middle  one  membranous,  in  folds, 
0.05  mm.  long;  the  internal  one  more  resistant,  somewhat  oblong  and  terminating  in 
an  obtuse  point  at  each  extremity;  embryo  from  0.029  mm.  to  0.030  mm.  long,  with 
hooks  from  0.015  mm.  to  0.016  mm.  long. 

I found  it  at  Eennes  in  a brown  rat  {Mus  decumanus,) , in  a dwarf  field  mouse  {Mus 
pumilus)  [=J/.  minutas'],  and  in  a garden  dormouse  {}fyo.vus  nitela)  [=EUomys 
querci  ?/.s-] . ( Translation. ) 

Blanchard  (1891a).  Moniez  (1888).  and  Linstow  (1896a)  inclined  to 
the  opinion  that  the  two  forms  T^nia  nana  and  Tcenia  murina  are 
distinct  species.  Blanchard  (1896b).  however,  has  more  recently  come 
to  the  conclusion  that  the  sliglit  inconstant  diherences  which  have  been 
noted  in  the  two  forms  are  sufficiently  accounted  for  by  the  difference 
in  habitat,  and  that  the  two  worms  should  be  united  under  one  species, 
which  he  would  for  reasons  of  priority  call  Hymenolepls  murina.  But 
since  the  name  Tcenia  rnirrina  used  by  Dujardin,  is  preoccupied,  hav- 
ing been  applied  before  1815  to  another  form,  it  can  not  be  retained  in 
this  connection.  Tcenia  nana  Siebold.  1852  being  the  next  available 
name,  the  correct  designation  of  the  species,  placed  in  its  proper 
genus,  is  therefore  HyinenoJejyis  nana. 

Linstow  (1896a)  believed  he  found  differences  which  would  justify  a 
specific  distinction  between  the  forms  in  man  and  in  the  rat,  but,  as 
Massari  (1898)  has  pointed  out.  his  results  are  not  entirely  free  from 
criticism,  and  his  aro-uments  rather  unconvinciDg. 

Tlyrnenolepis  nana  may.  accordingly,  be  regarded  as  occurring  not' 
onh'  in  man.  but  also  in  the  rat.  and  in  the  two  hosts  showing  slight 
and  Available  differences,  brought  about  by  the  action  upon  the  para- 
site of  an  environment  somewhat  dilferent  in  the  two  cases. 

AXATOMICAL  DESCRIPTIOX. 

EXTERNAL  ANATOMY. 

As  is  well  indicated  by  its  name  {nana.  a dwarf]  the  worm  under 
consideration  is  characterized  preeminently  by  its  small  size  (fig. 
5A).  Being  also  very  delicate,  and  likely  to  be  broken  in  pieces,  it 
is  thus  a difficult  matter  to  discover  specimens  in  the  feces,  unless 
passed  in  large  numbers. 

Strobila. — Complete  strobila?  with  gravid  segments  may  be  found 
ranging  in  length  from  5 or  6 mm.  (Blanchard,  1891a)  to  a maximum, 
as  recorded  so  far.  in  man  of  35  mm.  (Mertens,  1892).  In  the  rat  a 
length  as  great  as  45  mm.  has  been  observed  (Stossich.  1898). 

Favarcq  (1891a)  found  a worm  75  mm.  long,  in  the  intestine  of  the 
garden  dormouse  {EJioniys  yuercmus).  which  he  believed  to  be  a 
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variety  of  Hymenolepis  murma  (Dujardin).  This  form  possessed 
hooks  somewhat  similar  to  those  of  Hym  en  ole j)is  nana{  — II.  mitrina)^ 
but  as  Favarcq  made  no  careful  study  of  its  anatomy,  not  even  so  far 
as  to  determine  whether  the  genital  pores  were  unilateral  or  alter- 
nating, the  identit}"  of  the  form  remains  doubtful. 


Fig.  6. — Head  of  H.  nana.  Enlarged.  (After  Leuckart,  1863,  p.  394,  fig.  113.) 

Fig.  7. — Head  of  H.  nana.  Enlarged.  (After  Blanchard,  1886e,  p.  328,  fig.  3.) 

Fig.  8. — Head  of  H.  nana  from  which  the  suckers  have  been  torn  away.  (After  Blanchard,  1886f, 
p.  333.) 

Fig.  9. — Head  and  neck  of  if.  ?iana.  Enlarged.  (After  Miura  & Yamazaki,  189J,  pi.  14,  fig.  1.) 

Fig.  10. — Head  of  if.  nana.  Enlarged.  (After  Mertens,  1896,  fig.  2.) 

Fig.  11. — Head  and  anterior  portion  of  strobila  of  if.  nana.  Enlarged.  (After  Stein,  1882,  pi.  12, fig.  11. ) 


Blanchard  (1891a)  considers  12  to  15  mm.  the  normal  length  in  man, 
with  a maximum  breadth  of  0.5  to  0.7  mm.  The  number  of  segments 
ranges  from  about  110  to  200;  in  the  latter  case  40  to  50  of  the  pos- 
terior segments  contain  full}^  formed  embryos;  in  the  former  only  the 
last  8 to  12  segments  are  gravid.  A complete  specimen  measuring  12.5 
mm.  possessed  162  segments. 
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Mertens  (1892)  found  the  average  length  of  a number  of  specimens 
to  be  over  20  mm.,  and  the  maximum  breadth  from  0.7  to  0.9  mm. 
The  number  of  segments  varied  from  1S<>  to  200.  and  this  character 
v’as  more  or  less  constant,  even  with  a variation  of  3 to  1 mm.  in  the 
length. 

Miura  & Tamazaki  (1897)  give  a length  of  20  mm.*  and  a maximum 
breadth  of  O.tS  to  0.86  mm.,  measured  in  the  fresh  state,  0.3  to  0.56 

mm.  after  preservation. 

Dujardin  (18-15a)  gives  a length 
of  25  mm.,  and  a maximum 
breadth  of  0. 55  to  0. 9 mm. , from 
specimens  from  rats;  Grassi  & 
Calandruccio  (1887a).  a length  of 
33  to  to  mm. : according  to  Lin- 
stow  (1896a).  incomplete  speci- 
mens measured  23  mm.,  with  a 
maximum  breadth  of  0.82  mm. 

Head. — The  head  (fig's.  1. 
6-15)  is  more  or  less  globular, 
flattened  dorso-ventrally,  and 
when  viewed  in  front  is  some- 
what rectangular,  with  its  suck- 
ers at  the  four  rounded  angles. 
Its  size  has  been  given  bv  vari- 
ous  observers  from  215  to  t80  // 
in  width  and  360  to  -150  yu  in 
length.  It  is  often  difficult,  how- . 
ever,  to  tell  where  the  head  ends 
and  the  neck  begins,  especially 
in  certain  states  of  contraction, 
so  that  it  is  not  always  possible 
to  determine  the  length  with  anv 
degree  of  accuracy.  Examples 
from  the  rat  give  measurements 
falling  within  the  limits  noted 
above.  In  specimens  both  from 
man  and  from  the  rat,  measured 
in  this  laboratorv.  the  head  has  ranged  in  width  from  130  to  250  /c 
Suckers. — The  suckers,  globular  in  shape,  measure  from  90  to  15u  yu 
(Mertens,  1892).  In  specimens  from  the  rat  they  seem  to  be  generally 
smaller — according  to  Dujardin  (1815a)  80  yu.  and  after  Linstow  (1896a), 
79  yw,  in  diameter,  while  we  have  seen  them  here,  in  sizes  from  70  to 
90  /^,  measured  after  preservation.  In  the  live  worm  they  are  very 
protractile,  and  may  be  extruded  to  a considerable  distance  (Grassi  <fe 
Calandruccio,  1887a).  When  thus  extruded  they  may  be  torn  away  and 


Fig.  12. — Head  of  K.  nana.  Enlarged.  (After 
Krantz  from  Kiichenmeister  A Ziim,  [?18S1] . pi.  5, 
fig.  2.) 

Fig.  13. — Head  of  H.  nana  -with  protracted  rostel- 
lum.  Enlarged.  (After  Krantz  from  Kttchen- 
meister  & Zfirn,  [?1881],  pi.  5,  fig.  3.) 

Fig.  14. — Head  of  Tstnia  murina  Dujardin  (=H. 
nana).  Enlarged.  Original  type  figttre.  (After 
Dujardin,  184.5a,  pi.  12,  fig.  A3.) 

Fig.  15. — Head  of  T.  murina  Duj.  (=if.  nana)  tvith 
protracted  rostellum.  Enlarged.  Original  type 
figure.  (After  Dujardin,  184-5a,  pi.  12.  fig.  A2.) 
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give  rise  to  an  anomah’^  (fig.  8)  first  described  by  Blanchard  (1886f), 
and  also  noticed  by  Grass!  & Calandruccio  (1887a). 

Rostellum. — Besides  suckers  the  head  possesses  another  organ  of 
attachment,  namely  a protractile  and  freely  movable  rostellum  (figs. 
6,  7,  9-15),  armed  with  hooks.  In  preserved  material  the  rostellum 
is  usually  found  retracted,  but  in  material  which  has  been  fixed  while 
still  living,  or  in  the  live  worm  itself,  is  often  seen  extruded. 
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Fig.  16. — A.  Hooks  of  T.  murina  Dujardin  {=H.  nana)  from  rat  {Mus  decumanus) . Enlarged.  (After 
Krabbe,  1865,  pi.  3,  figs.  56-57.)  B.  Same  from  mouse  (Mus  musculus).  Enlarged.  (After  Krabbe, 
1865,  pi.  3,  figs.  58-59.) 

Fig.  17. — Hook  of  H.  nana.  Enlarged.  (After  Leuckart,  1886a,  p.  996,  fig.  409B.) 

Fig.  18. — Hooks  of  H.  nana.  A,  from  man;  B.  from  the  rat.  (After  Linstow,  1896a,  figs,  in  and  3.) 
Fig.  19. — Hook  of  JF.  7ia?ia.  Enlarged.  (After  Railliet,  1893,  p.  294,  fig.  191.) 

Fig.  20. — Hooks  of  H.  nana.  Enlarged.  (After  Mertens,  1892,  fig.  3) 

Fig-.  21. — Hooks  of  H.  nana.  A,  complete  crown;  B,  isolated  hooks.  Enlarged.  (After  Krantz  from 
Kiichenmeister  & Ziirn,  [?1881],  pi.  5,  fig.  4.) 


Hooks. — The  hooks  (figs.  16-21)  are  arranged  in  a single  row  around 
the  anterior  part  of  the  protrusible  portion  of  the  rostellum.  Their 
number  seems  to  be  rather  variable,  with  a range,  putting  together 
the  numerous  recorded  observations,  of  20  to  30.  Leuckart  (1863) 
gives  22  to  21  and  (1886a,  p.  997)  21  to  28;  Rasch  (1891)  22;  Miura  & 
Yamazaki  (1897)  23;  Zograf  (1893)  23  to  28;  Grass!  & Calandruccio 
(1887a)  21  to  28;  Linstow  (1896a)  21;  Moniez  (1888),  in  eight  specimens. 
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found  seven  with  24  to  26  hooks,  one  with  30;  Blanchard  (1891a)  gives 
24  to  28  as  the  normal  number.  All  of  these  observations  were  made 
upon  specimens  from  man,  while  specimens  from  the  rat,  according  to 
Dujardin  (1845a)  and  Krabbe  (1865)  possess  20  to  24;  Linstow  (1896a) 
finds  23  to  24.  The  hooks  possess  a rather  long,  somewhat  curved 
dorsal  root,  directed  forward  on  the  rostellum,  and,  directed  backward, 
a thick,  heavy  ventral  root  which  is  about  equal  in  length  to  the  sharp 
pointed  prong,  forming  with  it  a sort  of  fork. 

The  roots  of  the  hooks  are  more  or  less  deeply  embedded  in  the  sur- 
face of  the  rostellum,  and  according  to  Mingazzini  (1899)  possess  their 
own  musculature,  namely,  fibers  which  are  found  in  the  inner  sac  of 
the  rostellum. 

The  size  of  the  hooks  has  been  given  as  14  to  18  /^.  Krabbe  (1865) 
gives  the  size  in  worms  from  the  rat  and  mouse  as  10  to  13  yw,  but  no 
other  observer  has  found  them  so  small.  Linstow  (1896a)  would  draw 
a distinction  between  the  hooks  of  the  worms  as  found  in  man  and  in 
the  rat,  but  comparisons  made  in  this  laboratory  of  forms  from  both 
hosts  show  them  identical  both  in  shape  and  size. 

Neck. — The  neck  (fig.  11)  usualh"  is  slender,  and  somewhat  less  in 
diameter  than  the  head,  but  this  character  varies  with  the  state  of  con- 
traction. Its  width  may  be  defined  by  the  limits  80  and  300  //,  and 
its  length  to  the  first  appearance  of  segmentation,  80  yw  and  1 mm.  or 
more. 

Segments. — As  usual  in  tapeworms,  segmentation  is  at  first  very  indis- 
tinct. The  segments  are  broader  than  long,  and  trapezoidal.  The 
posterior  border  of  each  segment  thus  projects  lateral!}^  beyond  the, 
anterior  border  of  the  following*  segment,  making  the  edge  of  the  stro- 
bila  serrate.  The  }munger  segments  are  6 to  10  times  broader  than 
long,  a ratio  which  decreases  toward  the  posterior  end.  Occasionally 
some  of  the  posterior  segments  are  seen  stretched  out  so  that  their 
length  exceeds  their  breadth.  The  width  of  the  strobila  gradually 
increases  toward  the  posterior  end,  at  or  near  which  it  reaches  the 
maximum  size  alreadv  given.  The  last  few  segments  mav  graduallv 
decrease  in  width,  and  in  a complete  worm  the  last  one  is  rounded  off 
(figs.3,30)._ 

Genital  g>ore. — The  genital  pores  (figs.  22-24,  28,  31-33)  are  located 
toward  the  anterior  border  of  the  segments,  one  in  each  segment,  and 
all  upon  the  left  side,  except  as  occasionally  one  is  found  iq^on  the 
right  side. 

INTERNAL  .\NATOMY. 

As  in  all  cestodes,  the  spaces  among  the  various  organs  are  filled  with 
a connective  tissue  known  as  Calcareous  corpuscles.^  often 

large  and  present  in  great  numbers  amid  the  parench3*matous  tissue  of 
tapeworms,  are  comparative^  small  and  few  in  II.  nana. 
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Rostellum. — The  rostellum  is  a sac-like  body  embedded  iii  the  axial 
portion  of  the  head  between  the  four  suckers.  Its  wall  is  formed 
b}"  a membrane  which  is  continuous  with  the  cuticula  at  the  anterior 


Fig.  22. — Proglottid  of  T.  ?Ji wina  Duj.  (= if.  ??a??a).  Enlarged.  Copy  of  original  type  figure.  (After 
Dujardin,  1845a,  pi.  12,  fig.  A5.) 

Fig.  23. — Proglottids  of  II.  nana;  a,  showing  ovary;  b,  containing  eggs  in  course  of  formation;  c, 
gravid.  (After  Leuckart,  1863,  p.  396,  fig.  114.) 

Fig.  24. — Proglottid  of  H.  nana  showing  reproductive  organs.  Enlarged.  (After  Leuckart,  1886a, 
fig.  409A.) 


surface  of  the  head.  The  protrusible  portion  is  occupied  by  a second 
smaller  sac  likewise  limited  by  a membrane.  L^pon  retraction  the 
anterior  part  of  the  rostellum  containing  the  inner  sac  is  drawn 


24 


backward  into  the  posterior  part  by  the  action  of  muscle  libers  which 
extend  longitudinally  between  the  inner  surface  of  the  outer  sac 
and  the  base  of  the  inner  sac.  The  anterior  part  of  the  rostellum 
is  thus  telescoped,  so  to  speak,  into  the  posterior  part  (fig.  10).  Both 
the  outer  and  the  inner  sac  are  filled  by  a loose  parenchymatous  tissue; 
they  are  each  supplied  with  longitudinal  and  circular  fibers  in  imme- 
diate relation  with  their  walls,  besides  numerous  lono-itudinal  fibers 
extending  through  the  parenchyma.  Zograf  (1S93)  considers  the  mass 
of  the  rostellum  to  be  made  up  of  fibers  running  in  a spiral  direction. 
Mingazzini  (1899)  does  not  find  any  circular  fibers,  but  considers 
longitudinal  fibers  only  to  be  present,  the  relations  of  which  are 
changed  in  difi’erent  states  of  protraction  or  retraction  of  the  rostel- 
lum so  that  they  sometimes  present  the  appearance  of  circular  or 
spiral  fibers.  Xumerous  muscle  fibers  also  extend  in  various  directions 
from  the  outer  sac  through  the  head.  The  size  and  relative  dimen- 
sions  of  the  rostellum  are,  naturally,  somewhat  variable.  Leuckart 
(1886a,  p.  997)  gives  its  size  as  100  long  by  88  wide.  According 
to  Blanchard  (1891a)  it  measures  100  j~i  long  by  80  to  95  ^ wide, 
^liura  & Yamazaki  (1897)  find  it  56  long,  and  Mertens  (1892)  gives 
its  size  in  the  retracted  state  as  130  to  140  /<  long  by  80  f.i  wide.  Meas- 
urements made  in  this  laboratory  of  two  specimens,  in  one  of  which 
the  rostellum  was  protruded,  in  the  other  retracted,  are  as  follows: 
First  specimen,  protruded  portion  of  rostellum,  48  long  by  60  yu 

wide;  remainder  of  rostellum  100  long  by  80  wide.  Second 

specimen,  rostellum,  124  long  by  60  j-i  wide;  protrusible  j^ortion, 
50  M long  by  40  wide. 

Xervous  system. — -Two  main  lateral  longitudinal  nerves^  one  on 
either  side,  may  be  distinguished  running  through  the  entire  strobila 
and  united  in  the  scolex  by  a ganglionic  commissure  posterior  of  the 
rostellum.  As  Mingazzini  (1899)  noticed,  there  are  sometimes  appar- 
ent in  the  posterior  third  of  the  rostellum  two  masses  of  cells,  one  on 
either  side.  These  cells  are  evidently  nerva  cells  and  are  similar  to 
those  found  in  the  same  situation  in  II.  dirninuta  and  II.  carioca 
(Zschokke,  1889;  Ransom,  1902).  The  position  of  the  lateral  nerves  in 
the  segment  is  the  usual  one  among  the  Taeniidae,  namely,  a short  dis- 
tance laterad  from  the  excretory  vessels  (//2.  1.  ^.,  figs.  32,  33). 

Muscular  system. — The  muscular  system  is  only  weakly  developed. 
Beneath  the  cuticula  lie  the  usual  suhcuticidar  rnuscidar  jihers—^n  outer 
circular  and  an  inner  lerngitudincd  la^^er. 

The  main  part  cf  the  muscular  system  consists  of  a layer  of  longi- 
tudincd  Jihers  lying  in  the  parenchyma,  not  far  removed  from  the 
cuticula  and  separating  the  segment  into  a central  and  a cortical 
portion. 

Linstow  (1896a)  maintains  that  in  Ilymenolejois  nana  from  man 
(fig.  32)  the  cortical  portion  is.  in  respect  to  the  thickness  of  the  seg- 


ruent.  relatively  much  thicker  than  in  the  form  from  the  rat  (lig.  33), 
which  is  one  of  his  reasons  for  viewing  the  forms  as  distinct  species. 
This  character,  however,  is  very  inconstant,  and  varies  with  the  man- 
ner of  preservation  of  the  material,  and  with  the  age  and  state  of 
contraction  of  the  segments.  The  layer  of  longitudinal  libers  is  to  be 
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Fig.  25. — Portion  of  strobiia  of  H.  nana.  1 mm.  behind  head;  draAvn  with  camera  lucida  from  fresh 
material.  Shotving  formation  of  segments  begun,  and  primordia  of  reproductive  organs.  Enlarged. 
(After  Miura  & Yamazaki,  1897,  pi.  14,  fig.  2.) 

Fig.  26. — Proglottids  of  II.  nana  with  cirrus  pouch  and  ovary;  drawn  with  camera  lucida  from  fresh 
material.  Enlarged.  (After  ^'liura  A Yamazaki.  1897,  pi.  14,  fig.  3.) 

Fig.  27. — Proglottids  of  H.  nana,  showing  cirrus  pouch,  seminal  receptacle,  ovary,  and  testes;  draAvn 
with  camera  lucida  from  stained  preparation.  Enlarged.  (After  Miura  A Yamazaki,  1897,  pi.  14, 
fig.  4.) 

Fig.  28. — Proglottids  of  H.  nana,  showing  cirrus  pouch,  seminal  receptacle,  immature  ova,  lateral 
longitudinal  excretory  canals;  camera  lucida  drawing  of  stained  preparation.  Enlarged.  (After 
Miura  A Yamazaki,  1897,  pi.  14,  fig.  5.) 

Fig.  29. — Gravid  proglottids  of  H.  nana,  with  prominent  seminal  receptacles;  camera  drawing  of 
fresh  material.  Enlarged.  (After  Miura  A Yamazaki,  1897,  pi.  14,  fig.  6.) 


regarded  as  derived  in  part  from  the  longitudinal  subcuticular  mus- 
cle fibers  of  the  scolex  and  neck,  in  the  manner  described  by  Liihe 
(J  89d,  1896)  for  Anojilocejihala  perfoliata  and  other  forms,  also  for 
Ilymenolejns  carioca  (see  Eansom,  1902).  Longitudinal  fibers,  which 
in  these  regions  form  part  of  the  subcuticular  muscle  system,  as  they 
pass  backward,  sink  inward  away  from  the  cuticula,  increase  in  size 
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and  in  their  new  position  make  up  the  mass  of  the  longitudinal  muscle 
layer.  Transverse  muscle  fibers,  if  present,  are  very  few  and  weaklv 
developed.  Dc^rso-ventral  vJjers  are  likewise  insignificant. 

Excbktoet  system. — There  are  two  pairs  of  lateral  longitudinal 
excretory  vessels  (fig's.  32.  33)  which  unite  in  the  scolex  to  form  an 
anastomosis  at  the  base  of  the  rostellum.  Two  small  closed  loops 
extend  into  the  latter,  one  on  either  side  (Ming-azzini.  1899).  similar 
to  the  loops  found  in  TTyrnencjlejjis  diminiita  (p.  88)  and  Hyraenolejyis 


Fig.  30. — Posterior  end  of  K.  nana  with  sterile  proglottid  (third  from  top);  camera  dra'wing  of 
stained  preparation.  Enlarged.  i After  Miura  A:  Yamazaki.  1897,  pi.  14,  fig.  7.) 

Fig.  31. — Portion  of  strohila  of  H.  nana.  Enlarged.  After  Stein,  IS'^2.  pi.  12.  fig.  12.  • 


carioca  (see  Ransom.  lV*o2).  The  ventral  vessels  are  larger  than  the 
dorsal  throughout  the  strobila.  and  are  united  in  the  posterior  portion 
of  each  seo-ment  bv  a transverse  vessel. 

Repkoductive  .system. — The  sexual  organs  become  evident  as 
indistinctly  defined  masses  of  cells  shortly  after  the  first  apparent 
strobilation  (fig.  25).  Toward  the  middle  of  the  worm  they  are  in  a 
state  of  active  sexual  maturity.  The  nlale  organs  develop  much  more 
rapidly  than  the  female  org-ans.  and  become  active  earlier.  As  is 
common  among  tapeworms,  they  occupy  more  especially  the  dorsal 
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part  of  the  segment,  while  the  female  organs  are  more  ventral  in 
position. 

2£ale  organs. — Three  testes  (figs.  24,  32,  33)  are  present,  the  usual 
number  in  worms  of  this  genus.  The}’  are  situated  near  the  dorsal 
surface,  in  the  posterior  portion  of  the  proglottis.  AVhen  at  the 
height  of  their  development,  in  the  }’ounger  segments,  they  occupy 
the  greater  part  of  the  central  portion  of  the  parenchyma.  Normally 
two  are  on  the  right  and  one  on  the  left  of  the  median  line.  This 
position  may  be  reversed,  or  rareh’  only  two  or  as  man}’  as  four  or 
five  may  be  present,  as  occurs  also  in  Hymenolepis  diminiita  (p.  89). 

Yasa  efferentia  from  the  three  testes  unite  to  form  a vas  deferrens 
which  enters  the  base  of  the  cirrus  pouch.  The  vas  deferens  just 
before  reaching  the  latter  is  often  dilated  to  form  a small  seminal 
reservoir  (Blanchard,  1891a),  as  I have  also  noticed  frequent!}’  in  speci- 
mens both  from  man  and  from  the  rat. 

The  cirrus  grouch  (figs.  22-24,  26-28,  31,  c.  figs.  32,  33)  is  a 
club-shaped  organ  with  muscular  walls  situated  near  the  anterior 
border  of  the  segment,  with  its  long’  axis  directed  transversely,  or 
often  somewhat  obliquely  backward  (caudad)  toward  the  genital 
pore.  It  lies  on  the  dorsal  side  of  the  longitudinal  nerve  and  the 
excretory  canals  (figs.  32,  33).  Within  the  cirrus  pouch  the  vas 
deferens  dilates  to  form  a seminal  vesicle.,  and  then  narrows  again  to 
form  a very  slender  tube  which  may  be  protruded  through  the  genital 
pore  (Leuckart,  1863),  or,  perhaps,  as  is  common  in  tapeworms,  and  as 
occurs  in  Hymenolepis  diminuta  (p.  89),  protracted  into  the  vagina  of 
the  same  segment. 

Female  organs. — The  vagina  (figs.  32,  33)  lies  on  the  ventral  side  of 
tho  cirrus  pouch,  between  it  and  the  excretory  vessels  and  longi- 
tudinal nerve.  It  is  at  first  narrow,  but  mediad  from  the  base  of  the 
cirrus  pouch,  it  is  swollen  into  a large  oblong’  seminal  recep>tacle  (figs. 
22-24,  27-33),  usually  filled  in  adult  segments  Avith  a highly  refractive 
hair-like  mass  of  spermatozoa,  and  for  this  reason  A’ery  apparent  and 
prominent.  It  is  easily  recognized  in  any  mature  segment  eA’en  under 
low  magnification,  lying  near  the  anterior  border  of  the  segment,  and 
extending  inward  toward  the  median  line  a A’ariable  distance  in  differ- 
ent segments. 

Posterior  of  the  seminal  receptacle  lies  the  ovary  (fig.  24,  ov. , figs. 
32,  33)  elongated  transA^ersely  and  bilobed.  The  egg  cells  in  the  ovary 
measure  10  to  15  y. 

The  yolk  gland  (fig.  24,  y.  g.^  fig’s.  32,  33)  is  an  OA’oid  bodA’  situated 
in  the  median  line,  toward  the  A^entral  surface  of  the  segment  and 
posterior  of  the  OA’ary  in  the  space  betAveen  the  backward  prolonga- 
tions of  its  right  and  left  lobes.  The  cells  of  the  yolk  gland  are 
small,  2 to  4 yu  in  diameter,  strongly  eosinophilic. 
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The  so-called  shell  gland  (s.  g.,  ligs  32,  33)  has  the  usual  position 
between  the  ovar}"  and  yolk  gdand,  on  the  dorsal  side  of  the  latter. 
It  is  composed  of  only  a few  cells,  and  is  very  small  and  insignificant. 
It  must  not  be  imagined  that  this  tiny  complex  of  a few  small  cells 


Fig.  32. — Cross  section  of  proglottid  of  H.  nana  from  man:  c.  p.,  cirrus  pouch;  cort.  par.,  cortical  par- 
enchyma; ex.  can.,  excretory  canal;  m.  1.  n.,  main  lateral  nerve;  ov.,  ovary;  rec.  sem.,  receptaculum 
seminis;  s.  g.,  shell  gland;  t,  testis;  y.  g.,  yolk  gland.  Enlarged.  (After  Linstow,  1896a,  .fig.  i.) 

produces  the  material  out  of  which  the  shells  of  the  hundred  or  more 
eggs,  contained  in  the  gravid  segment,  are  formed,  which  is  a clear 
impossibility,  since  a single  egg  with  its  full}^  formed  shell  is  much 
larger  than  the  entire  shell  gland.  The  function  of  the  shell  gland  in 
tapeworms  in  general  has  never  been  satisfactoril}-  explained. 


Fig.  33. — Cross  section  of  proglottid  of  II.  nana  from  rat.  Lettering  as  in  fig.  32.  Enlarged.  (After 

Linstow,  1896a,  fig.  1.) 

The  uterus  (fig.  23)  develops  veiy  rapidl}-  after  sexual  maturity  is 
reached,  the  ovary  disappears,  and  all  the  other  organs,  except  the 
seminal  receptacle  and  the  cirrus  pouch,  degenerate  completely  or  are 
masked  and  crowded  out  of  sight  by  the  uterus  and  its  contained 
embryos.  The  uterus  in  the  oldest  segments  occupies  practically  all 


cort  par. 


\Ln. 


ex.  can. 


rec.  sem. 
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of  the  segment  which  is  thus  transformed  into  a mere  egg  sac.  Blan- 
chard (1891a)  was  of  the  opinion  that  the  uterus  is  not  bounded  by  a 
membrane,  but  that  the  eggs  lie  scattered  throughout  the  entire  par- 
enchyma, so  that  the  segment  itself  is,  as  it  were,  transformed  into  a 
uterus.  That  this  idea  is  inexact,  however,  is  readily  apparent  when 
one  follows  the  development  of  the  uterus  in  well-preserved  material. 

As  in  Hymenolepis  carioca  the  uterus  is  at  first  simply  a cellular 
mass  elongated  transversely,  lying  in  front  of  the  ovary  (Ransom, 
1902).  This  uterine  primordium  soon  hollows  out  and  takes  on  the 
appearance  of  a sac  which  rapidly  fills  with  eggs  and  increases  in  size. 
Owing  to  the  rapid  and  continued  growth  of  the  uterine  wall,  more 
pronounced  in  some  places  than  in  others,  and  owing  to  the  obstacles 
by  which  the  free  expansion  of  the  uterus  is  restricted,  a modification 
from  the  condition  of  a simple  sac-like  uterus  is  brought  about,  a 
modification  such  as  occurs  in  Hymenoleph  carioca.  and  to  a much 
greater  degree  in  II.  climinuta 
(p.  91).  Instead  of  persist- 
ing as  a simple  sac  the  fully 
developed  uterus  has  become 
a sac  with  infoldings,  tubular 
processes,  or  invaginations 
extending  inward  among  the 
eggs. 

According  to  Blanch- 
ard (1891a)  there  are  about 
100  eggs  in  each  segment; 

Mertens  (1892)  states  160  to 
180;  Leuckart  (1886a,  pp.  996-997)  has  counted  80.  From  the  older 
segments  eggs  are  continually  escaping  through  ruptures  in  the  walls. 

Little  is  known  with  regard  to  the  development  of  the  eggs,  but 
as  first  seen  in  the  uterus  they  do  not  differ  essentially  in  size  (10  to 
15  p)  and  appearance  from  eggs  which  are  still  in  the  ovary.  A very 
delicate  enveloping  membrane  may  at  times  be  distinguished.  The 
eoD-  begins  to  segment  soon  after  it  enters  the  uterus,  and  embryonic 
development  proceeds  rapidly.  The  embryo  increases  in  size  and  a 
definite  shell  is  formed. 

As  found  in  gravid  segments  or  in  the  feces  the  egg  (figs.  31-T5) 
is  oval,  or  occasionally  spherical.  The  shell  is  very  clear  and  trans- 
parent, but  may  take  on  a slight  brownish  or  yellowish  tint  after 
standing  for  some  time  in  the  feces  (Grassi,  188Td;  Calandruccio,  1890a; 
Mertens,  1892).  It  consists  of  two  distinct  membranes  separated  by  an 
intervening  space  which  contains  a transparent  substance,  apparently 
ffuid  or  semi-fiuid  and  more  or  less  finely  granular.  The  outer  mem- 
hrane  is  very  thin,  less  than  1 p in  thickness.  The  inner  inernhrane. 
which  closely  invests  the  embryo  or  onchosphere  as  it  is  called,  has 


Fig.  34. — Egg  of  T.  miirina  I)uj.  {—H.  nana).  Enlarged. 
Copy  of  original  tj-pe  figure.  (After  Dnjardin,  184.?a, 
pi.  12,  fig.  A6.) 

Fig.  35. — Egg  of  H.  nana.  Enlarged.  (After  W.  H. 
Kansom,  1856,  p.  598,  fig.  1.) 

Fig.  36. — Egg  of  H.  nana.  Enlarged.  (After  Leuckart, 
1863,  p.  397,  fig.  11-5.) 
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about  the  same  thickness  as  the  outer,  but  with  a more  distinct  double 
contour  (Mertens,  1892).  At  two  opposite  points,  usualh^  corres- 
ponding to  the  poles  of  the  egg,  the  inner  membrane  has  a small  mam- 
millated lyi'oject ion ^ often  not  apparent.  To  each  of  these  projections 
are  attached  a number  of  clear  liyoline  fibers^  resembling  elastic  fibers 
in  appearance,  which  pass  outward  through  the  intermediate  substance 
toward  the  outer  membrane.  Whether  there  is  any  constancy  in  the 
number  of  these  filaments  is  not  known.  Mertens  (1892)  in  observing 
an  egg  turned  on  end,  saw  at  one  pole  as  many  as  8,  converging  like 
spokes  in  a wheel  and  attaching  to  the  papilla  of  the  inner  membrane. 
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Fig.  37. — Eggs  of  H.  nana  from  mouse.  Enlarged.  (After  Krabbe,  1865,  pi.  7,  fig.  108.) 

Fig.  38. — Egg  of  H.  nai^a  from  man.  Enlarged.  (After  Bizzozero,  1889a,  pi.  4,  fig.  g'.) 

Fig.  39. — Eggs  of  JI.  nana  from  rat.  Enlarged.  (After  Grass!  & Rovelll,  1892a,  pi.  3,  figs.  1 and  2.) 
Fig.  40. — Egg  of  II.  nana.  Enlarged.  (After  Mertens,  1892,  fig.  1.) 

Fig.  41. — Egg  of  H.  nana  from  man.  Enlarged.  (After  Linstow,  1896a,  fig.  iv.) 

Fig.  42. — Egg  of  H.  nana  from  rat.  Enlarged.  (After  Linstow,  1896a.  fig.  4.) 


Beginning  at  the  papillte  the  filaments  pursue  an  irregular,  winding’ 
and  convoluted  course,  gradually  becoming  more  tenuous,  but,  so 
far  as  ma}’  be  observed,  do  not  branch,  and  end  finally  in  the  peri- 
pheral portion  of  the  intermediate  sndstance  directly  underneath  the 
outer  membrane.  Two  layers  of  slightly  difierent  appearance  may 
often  be  distinguished  in  this  intermediate  substance,  an  inner  portion 
which  is  clear  and  homogeneous,  free  from  fibers  except  where  it  is 
penetrated  by  them  in  the  two  polar  regions,  and  a thicker  outer  por- 
tion which  is  granular  and  in  which  the  distal  ends  of  the  fibers  inter- 
lace, forming  an  irregular  meshwork.  For  a great  part  of  their  course 
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the  libers  frequently  follow  the  boundaiy  between  the  clear  and  g-ran- 
ular  portions  of  the  intermediate  substance  (Calandruccio,  1890a).  Ac- 
cording to  ^Mertens  (1892)  the  fibers  do  not  attach  to  the  outer  mem- 
brane, since  this  may  be  split  off  and  the  intermediate  layer  remain 
undisturbed.  The  peripheral  portion,  at  least,  of  the  intermediate 
substance  seems  thus  to  possess  a certain  solidity  as  though  bounded 
externally  by  a membrane,  which  must,  however  be  very  thin,  separat- 
ing it  from  the  outer  membrane.  Mertens  (1892),  indeed,  states  that 


Fig.  43. — Eggs  of  H,  nana  and  spherical  bodies,  perhaps  eggs  in  course  of  development.  Enlarged. 

(After  Senna,  1889,  fig.  2.) 

he  has  observed  at  times  a very  thin  homogeneous  layer  between  the 
intermediate  substance  and  the  outer  membrane,  and  I have  occasion- 
ally noted  a similar  appearance.  It  frequently"  happens  that  the  inter- 
mediate substance  shrinks  away  from  the  outer  membrane,  or  from 
the  inner  membrane,  or  from  both.  This  results  in  the  appearance  of 
a third  membrane  intermediate  between  the  other  two,  as  occurs  under 
similar  circumstances  in  the  egg  of  II.  dmiiniita.  (p.  93).  As  in  II. 
diminuta.  also,  there  are  3 or  1 comparatively  large  nuclei  (visible  in 


Fig.  44. — Eggs  of  H.  nana.  Enlarged.  (After  Senna,  1889,  fig.  1.) 


sections)  present  in  the  intermediate  substance  which  seem  to  play  a 
part  in  the  formation  of  the  shell.  IV.  H.  Ransom  (1856)  and  Senna 
(1889)  describe  a concentric  striation  of  the  intermediate  substance. 
Grassi  (1886b,  188Td)  was  the  first  to  observe  the  filaments  which  he 
described  as  a long  convoluted  thread  apparently"  attaching  to  the 
poles  of  the  inner  membrane.  Blanchard  (1891a)  considers  that  Grassi 
(1886b,  1887d)  and  Senna  (1889)  were  in  error  regarding  the  presence 
of  filaments,  and  that  they  had  erroneously  interpreted  folds  or  wrinkles 
of  a third  membrane.  That  filaments  are  present  is  a well-established 
fact,  howey"er,  attested  by"  a number  of  obsery"ers.  The  three  pairs  of 
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hooks  with  which  the  onchosphere  is  supplied  are  usuallv  found 
directed  toward  one  pole  (Mertens,  1892;  Miura  & Yamazaki,  lS9T,and 
others),  and  as  has  been  pointed  out  in  other  tapeworms  (Siebold,  ISod; 
Ransom,  1900),  the  middle  pair  differ  from  the  other  by  being  more 
slender  and  without  a definite  ventral  root. 

Various  sizes  have  been  assigned  to  the  eggs,  and  there  is,  in  fact, 
considerable  actual  variation.  Bilharz  (Siebold,  1852)  gives  a diameter 
of  26  /i.  Leuckart  (1863,  1886a,  p.  996)  found  them  10  to  58  yw. 
Grassi  (18T9h),  33  by  33  and  33  to  36  by  28  to  31  yw.  Grassi  & Cal- 
andruccio  (1887a)  13  by  35  yw  to. 53  by  10  yu.  Perroncito  & Airoldi 

(1888a,  b,  c),  outer  membrane,  10  by  32  yw  to  52  Iw 
11  /u  inner  membrane,  21  bv  20  ju  to  31  by  21  ju. 
Mertens  (1892),  outer  membrane,  33  by  39  yu  to  15 
by  60  yu;  inner  membrane,  26  by  25  yu  to  30  b}^  29 
yU.  Senna  (1889),  10  by  36  to  50  by  10  /<.  Lin- 
stow  (1896a),  outer  membrane,  39  by  39  yw  and  13 
by  31  yw;  inner  membrane,  28  by  28  yu.  Blanchard 
(1891a),  outer  membrane,  30  to  37  p.  by  18  to  55  p\ 
inner  membrane,  16  to  19  p.  According  to  my  own 
measurements  the  outer  membrane  rang'es  from  36 
by  32  p to  56  by  12  p\  the  inner  membrane  from 
18  by  20  p to  21  by  32  p.  The  onchosphere  is  5 to 
10  p smaller  than  the  inner  membrane.  The  size 
of  the  einbryonal  hooks  has  been  given  by  various  authors  from  9 to  16 
p\  according  to  Blanchard  (1891a),  with  whose  figures  mine  agree, 
they  measure  10  to  12  p.  From  measurements  of  9 eggs,  Miura  & 
Yamazaki  (1897)  give  the  following'  figures: 

Outer  envelope — Length:  Maximum,  56.7  p\  minimum,  11.3  p; 
mean,  50.7  p.  Breadth:  ^Maximum,  53.2  yu;  minimum,  35.1  yw;_  mean, 
12.9  p. 

Inner  envelope — Length:  Maximum,  32.1  yw;  minimum  27  p\  mean, 
30.1  p.  Breadth:  Maximum,  29.7  p:  minimum,  21.3  yw;  mean,  25.9  p. 

Hooks  of  embryo — Maximum,  13.5  p:  minimum,  10.8  p\  mean, 
12.9  p. 

As  to  the  eggs  of  Ilyrnenoleyois  nana  from  the  rat,  which  some 
authors  have  considered  larger  than  those  of  the  form  found  in  man, 
it  may  be  said,  in  the  first  place,  that  the  size  of  the  eggs  is  a very 
variable  character  as  the  figures  already  given  testify,  and  it  is  conse- 
quently doubtful  if  a satisfactory  comparison  could  be  instituted  or 
any  constant  difierence  be  discovered  between  the  two  forms  in  this 
regard;  and  in  the  second  place,  considering  the  great  variability  of 
this  character,  that  it  would  be  necessary  to  make  measurements  of  a 
large  number  of  examples,  with  due  regard  to  similarity  of  conditions, 
etc.,  before  one  affirmed  that  the  eggs  were,  even  generalH,  larger  or 
smaller  in  one  case  than  in  the  other.  Dujardin  (1815a)  gives  the  size 


Fig.  45. — Egg  of  H.  nana, 
as  seen  in  fresh  feces. 
Enlarged.  (After  Ran- 
som, from  Stiles,  1903a, 
p.  85,  fig.  85.) 
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of  the  eg’g  of  Tc^n  'to  maruin  (=  If.  nano)  from  the  rat  as  65  }K  Linstow 
(18^>6a).  by  -1-2  /i  to  54  lyv  -tT  /a:  measurements  which  I have  made 
range  from  of)  l)v  26  /i  to  52  by  86  With  the  exception  of  Dujar- 
din's  ligures  these  sizes  fall  within  the  limits  established  for  Jlyrneno- 
h'pts  nano  from  man. 

Senna  (1889)  noticed  in  feces  containing-  completely  developed  eg-g-s 
of  Iljfinenolepfx  najof,  in  six  cases,  numerous  small  rounded  bodies 
(tig.  48)  measuring  from  5 to  10  to  30  y in  diameter.  The  smaller 
of  these  were  homogeneous  in  appearance,  tinted  like  mother-of-pearl, 
and  l)ounded  bv  a vcrv  thin  memhrane.  while  the  larger  were  more 
granular  and  tended  to  become  oval,  with  a thicker  membrane,  as  indi- 
cated by  a distinctly  double  contour.  Senna  was  inclined  to  interpret 
these  as  eggs  in  course  of  development.  Avhich  had  prematurely  escaped 
from  the  uterus,  but  since  he  found  similar  bodies  in  two  cases  in 
which  he  could  not  demonstrate  the  presence  of  //.  nano,  he  was  left 
in  doubt  with  i-egard  to  their  nature  and  signiticance. 

l)E-S'KL()P,MEXT  AND  LIFE  HISTOKY. 

The  well  known  ami  usual  mode  of  development  of  tapeworms  of 
the  family  Tivniidte,  to  which  Jlynienolepis  nano  belongs,  is  as  follows: 

The  eyyx  containing  sic-hooli'ed  embryos  pass  out  of  the  body  of  the 
detinitive  host  in  the  feces.  To  develop  further  they  must  be  taken 
into  the  alimentary  canal  of  some  other  animal.  If  the  conditions  ar(‘ 
suitable  in  this  animal  the  embryos,  after  hatching,  if  this  has  not 
already  taken  place,  bore  out  of  the  alimentary  canal,  and,  encysted 
somewhere  in  the  tissues  of  the  bod}',  develop  into  the  intermediate 
stage,  cystteercus  or  cyaticercold . as  the  case  may  be.  When  this  ani- 
mal, the  intermediate  host,  is  eaten  by  an  animal  which  can  act  as  a 
detinitive  host,  the  intermediate  stage  continues  its  development  and 
becomes  transformed  into  the  adidt  tcorni,  which  produces  eggs,  thus 
completing  the  cycle.  As  one  would  expect,  the  normal  intermediate 
host  is  an  animal- which  is  the  natural  food  of  the  detinitive  host,  or 
otherwise  likely  to  be  taken  into  the  alimentary  canal  of  the  latter. 

Lenckart  (1863,  pp.  395. 397),  upon  theoretical  grounds,  assum- 
ing that  an  interchange  of  hosts  occurred  during  the  life  historv  of 
IlyinenoJepfS  nano  and  noticing  the  great  similarity  in  the  anatomical 
characters  of  the  worm  in  question,  of  certain  tapeworms  from  mice 
and  shrew-mice  and  of  a cysticercoid  found  by  Stein  in  the  meal  worm,^' 
expressed  the  opinion  that  the  intermediate  stage  was  developed  in 
some  insect.  ^ 

Hook^^  very  similar  in  form  are  found  in  the  related  tapeworms  of  our  mice  and 
shrew-mice,  as  well  as  in  the  cysticercoid  of  Stein  from  the  meal  worm.  (Trans- 
lation of  Leuckart,  1863,  p.  395. ) 

AVe  content  ourselves  * * * with  the  supposition  that,  as  in  the  most  nearly 
related  species,  the  worm  passes  its  youth  as  a cysticerc^oid  in  some  insect.  (Trans- 
lation of  Leuckart,  1863,  p.  397. ) 
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The  occurrence  of  the  large  numbers  in  which  the  worm  is  found  in 
the  human  intestine  lie  (Leuckart.  lS86a:  18S6b.  p.  661)  would  explain 
as  resulting  from  a budding  of  the  cysticercoid  in  the  intermediate 
host  similar  to  that  which  takes  place  in  cysticercoids  {Staphylocysfis 
hUariv.s  and  -S',  ink'raca-nthus)  found  by  Villot  (1878)  in  certain 
myriapods.  Leuckart  (1886a.  p.  997)  also  considered  the  possibility 
of  some  snail  being  the  intermediate  host  of  H.  nana.  upon  the  basis 
of  information  that  the  children  in  the  vicinity  of  Belo-rade.  where  a 
case  had  been  observed  in  a child  (see  case  Xo.  6).  very  commonly  ate 
a kind  of  little  white  snail. 

Stein's  cysticercoid  {Ce'pcoeyst is  tenehnonis  Yillot.  1882=  Cysiicercus^ 
tmehrionis=  Scolex  deeipiens)  ot  the  meal  worm  (larva  of  Tenebrio 
rnoJiior)  was  considered  by  Leuckart  (1880.  pp.  420.  457)  the  probable 
intermediate  stage  of  Teenia  mv.rina  Lujardin  {=  HymenoJepis  nanci). 
ATllot  (1882).  however,  looked  upon  this  cysticercoid  as  belonging  to 
Txnia  mkrostoma  Dujardin.  1845.  a tapeworm  of  the  mouse,  and 
Moniez  (1888)  and  Linstow  (in  litt.  ^loniez.  1888)  were  of  the  same 
opinion.^  Grassi  (188 7d)  at  hrst  believed  that  this  cysticercoid  would 
prove  to  be  the  intermediate  stage  of  Ilymenoleyns  nana.  but  later 
abandoned  this  hypothesis  and  concurred  (Grassi  i!c  Rovelli.  1889b. 
p.  371)  in  the  opinion  of  Villot.  Moniez.  and  Linstow.^ 

Grassi  and  Calandruccio  (Grassi.  1887h)  attempted  numerous  times 
under  varvino-  conditions  to  infest  larv^  of  Tenebrio  rnoUfor  with  eo-o*s 
of  Ilyrnenolepis  nana.  but  always  without  success.  They  also  exam- 
ined from  those  localities  of  Lombardy  and  Sicih'  in  which  they  had 
found  IIymenoIej)is  nana  common  in  man.  hundreds  of  specimens  of 
numerous  species  of  arthropods,  molluscs,  and  worms,  especially  edi- 
ble molluscs,  lice,  flies,  meal  worms,  the  larva?  of  certain  beetles  livings 
in  benns.  etc.,  in  the  hope  of  flnding  a cysticercoid  to  correspond  with 
IL  nana.  All  of  these  investigations  resulted  negatively  with  the  excep- 
tion that  two  cysticercoids  were  found  in  a meal  worm,  which  were 
fed  to  a man.  with  negative  results.  It  was  during  this  time  that 
Grassi  noticed  the  great  frequency  of  Hymenolepis  raurina  (Dnjardin) 
in  rats  in  Catania,  where  also  from  250  examinations  of  children,  rang’- 

«It  cannot  be.  admitted  that  the  cysticercus  of  the  meal  worm  belongs  to  Taenia 
nana;  this  cysticercus  possesses  a crown  of  30  hooks  which  have  a length  of  12  //, 
while  T.  nana,  as  well  as  T.  rnurina.  presents  only  24  hooks  15  to  18 //long.  In  both 
these  characters,  on  the  other  hand,  the  cysticercus  of  the  meal  worm  corresj3onds 
with  Tsenia  microstoma  of  the  mouse,  with  which  Villot  has  already  associated  it;  von 
Linstow  t in  litt.  i is  of  the  same  opinion,  with  which  we  can  only  agree  after  hawng 
examined  attentively  the  head  of  the  cysticercus  and  that  of  the  adult  animal. 

; Translation  of  3Ioniez,  1888.  ) 

f'The  few  experiments  which  Grassi  and  Eovelli  performed,  by  feeding  eggs  of 
Tienia  microstoma  to  larv'te  of  Tenehrio  rnoUtor,  resulted  negatively,  and  this  sup- 
posed connection  between  the  adult'tapeworm  and  the  cysticercoid  in  question  is 
still  not  definitely  established.  Grassi  ck  Rovelli,  1892a,  p.  78.) 
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ing‘  from  4 to  14  }'ears.  20  cases  of  II.  iiana  were  found,  and  noticing 
the  great  similarity  of  the  two  forms,  he  was  thus  led  to  their  identi- 
lication.  as  one  and  the  same  species,  or  at  most  as  scarcely  distinguish- 
able varieties  of  a single  species.  In  view  of  the  fact  that,  although 
Ilymenolejns  nana  was  so  exceedingly  common  in  these  regions,  no 
corresponding  cysticercoid  was  to  be  found  in  the  many  animals  exam- 
ined, belonging  to  species  which  a i?riori  might  be  considered  possible 
intermediate  hosts,  Grassi  then  resorted  to  the  idea  of  a direct  develop- 
ment; and,  indeed,  experiments  along  this  line  resulted  in  a demonstra- 
tion of  the  fact  that  the  eggs  of  Hymenolejns  nana  from  one  rat  when 
fed  to  another  develop  into  mature  worms  in  the  intestine.  Develop- 
ment, however,  was  found  not  to  be  direct,  i.  e.,  the  embryo  from  the 
egg  did  not  grow  immediately  into  the  form  of  the  adult,  but  pene- 
trating into  a villus  developed  there  into  a cysticercoid,  which  in  turn 
reentered  the  alimentarv  canal,  to  become  transformed  into  the  adult 
stage.  The  rat  was  thus  shown  to  act  not  only  as  the  definitive  host, 
but  also  as  the  intermediate  host.  In  spite  of  the  evident  exactness 
of  the  results  of  these  experiments,  and  in  spite  of  the  probability  that 
the  cysticercoid  {Cercocystls  tenehrionis)  of  the  meal  worm  i§  more 
lik-elv  the  intermediate  stage  of  Txnia  mi<^rostorna^  Leuckart  (18ST) 
still  considered  this  cvsticercoid  the  intermediate  stage  in  the  normal 
life  cycle  of  Ilyrnenolej)^  niurina  {=H.  nana).,  and  looked  upon  the 
development  of  an  intermediate  stage  in  the  villus  of  the  rat'S  intes- 
tine as  unusual,  and  not  of  common  occurrence  in  the  natural  order 
of  things.  The  , balance  of  evidence,  however,  seems  to  indicate 
that  there  is  no  connection  between  the  above-named  cysticercoid 
and  Hymenolejns  nana\  but  whether  the  eggs  of  the  latter  may  not 
develop  into  a c^^sticercoid  in  some  insect,  as  well  as  in  the  intestinal 
villi  of  the  rat,  is  not  known.  So  far  as  the  direct  evidence  goes, 
however^  the  development  as  outlined  by  Grassi  must  be  considered 
the  normal  and  usual  method. 

The  experiments  by  which  the  life  history  was  determined  are  as 
follows  (Grassi,  188Th;  Grassi  & Rovelli,  1892a): 

Thirty-four  white  rats  were  used,  aged  from  1 to  3 months,  kept  in 
clean  cages,  closed,  except  on  one  side,  which  was  covered  with  wire 
screen.  After  weaning,  the  rats  were  fed  only  with  bread  and  pure 
water.  The  mothers  were  determined  to  be  free  from  tapeworm, 
during  lactation  b}^  examination  of  the  feces,  and  afterwards  by  kill- 
ing and  examining  post  mortem.  The  experiments  were  repeated  11 
times,  each  time  by  feeding  1 to  3 of  the  34  rats  with  mature  segments 
of  Hyrnenolejyis  nana  from  infected  rats  and  placing  them  in  separate 
cages,  and  also  at  the  same  time  isolating  1 or  2 which  had  not  been 
thus  fed,  in  order  that  there  might  be  a check  on  the  results.  Con- 
stantly among  the  former,  Hymenolejns  developed  in  greater 

or  less  number,  sometimes  more  than  100;  among  the  latter  no  speci- 
mens whatever  were  found. 
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The  rapidity  with  which  development  occurred  varied  in  dilierent 
individuals.  In  general,  after  d.  5.  or  8 days,  tapeworms  3.  5.  or  8 mm. 
long  were  found — that  is.  either  with  simply  a long  neck,  or  with  evi- 
dent proglottids.  After  15  days,  tapeworms  were  found  containing 
mature  eggs:  after  30  days,  the  eggs  began  to  appear  in  the  feces. 

While  the  results  in  the  experiments  with  white  rats  aged  from  1 to 
3 months  were  constant  and  positive,  when  rats  younger  than  1 month 
(suckling)  or  over  3 months  were  used  the  results  were  either  negative 
or  only  a few  tapeworms  were  developed.  Ordinary  rats  proved  more 
refractory  to  infection  than  white  rats,  and  the  results  were  generally 
negative,  even  when  the  rats  were  of  the  favorable  age — 1 to  3 months. 
Whether  the  animal  was  fasting  or  well  fed.  or  whether  manv  or  few 
segments  were  given,  had  no  effect  on  the  results.  Eats  alreadv  har- 
boring  Hymen  oh i>  is  j,ana  also  proved  refractory  to  further  infection. 

It  is  in  the  villi  of  the  last  lt»to  12  cm.  of  the  small  intestine  that  the 
intermediate  stage  develops.  As  in  (ir-yuris  rerinicidcrris.  however. 


Figs.  4«>— 19. — H.  nana.  Enlarged.  (After  Gras.<i  A:  Rovelli.  1892a.  pi.  .3.  figs.  4-7,  respectively.) 

Fig>.  .50.51. — Hexacanth  embryos  of  H.  nana.  with  primary  cavitj':  calc.,  calcareous  corpuscle:  caiaJ., 
caudal  appendage:  pr.  cav..  primary  cavity.  Enlarged.  (After  Grassi  A:  Rovelli.  1892a.  jd.  3.  ti^G. 
'.  9.  respectively. 

the  action  of  the  digestive  juices  of  the  upper  j^art  of  the  alimentary 
canal  seems  necessarv  before  the  embryo  will  hatch.  Consequently 
the  eggs,  as  they  escape  from  ripe  segments  into  the  intestine,  do  not 
continue  developing,  but  pass  out  unchanged  with  the  feces,  and  devel- 
opment doe-;  not  proceed  until  they  again  come  into  the  alimentary 
canal  by  way  of  the  mouth  [ ( or  by  reverse  peristalsis  into  the  stomach]. 

The  following  observations  were  made  upon  the  development  as  it 
occurs  in  the  intestinal  villi  of  the  rat  (Grassi  & Rovelli,  1892a).  The 
cysticercoid,  or  cercocystis,  to  use  the  name  employed  by  Villot 
(1882)  to  de.Agnate  those  cysticercoids  which  have  caudal  appendages, 
is  found  in  a cavity,  which  represents  the  much-dilated  central  lym- 
phatic cavity  of  the  villus.  Rarely  there  are  two,  ordinarily  only  one 
cercocvstis  in  a single  auIIus.  normallv  so  oriented  that  its  long 
axis  corresponds  to  the  long  axis  of  the  villus,  with  its  posterior  end 
(that  bearing  the  embryonal  hooks)  directed  inward,  i.  e.,  toward  the 
lumen  of  the  inte.stine  (fig.  87). 
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The /7’/‘.sT‘  staxje  studied  wus  that  of  the  hexaeanth  embryo,  as  found 
encysted  24-,  88.  or  50  hours  after  ingestion  (tigs.  48-4!b  52.  58).  gen- 
erally oval,  or  at  times  tiask  shaped — that  is.  with  a body  and  a tail. 
Then"  may  l)e  evident  at  this  time  a rather  ample  primary  cavity 
which  in  a llask-shaped  embryo  is  in  relation  with  tli<‘  posterior  part 
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Figs.  .52,  .55.— Hexaeanth  embryos  of  II.  mtnu,  without  cavity,  eoiitaining  calcareous  ctu'puscles. 

Enlarged,  (.\fter  Grass!  ct  Rovelli.  lS92a.  pi.  5,  figs.  ]0.  11.  respectively.) 

Fig.  ,54.— Embryo  of  R.  vana  after  the  appearance  of  ihe  primordia  of  rostellnm  ami  suckers; 
O'*.,  suckers:  p;-.  cor.,  primary  cavity:  ms.,  rostellnm.  Enlarged.  (After  Gra.«si  A Kovelli.  1892a, 
pi.  3,  fig.  12.) 

Fig.  .5.5. — Longitudinal  section  of  embryo  of  R.  ruum:  jir.  car..  ])rimary  cavity.  Enlarsred.  (.\fter 
Gras.si  & Rovelli.  l<S92a.  jd.  3.  fig.  14.) 

Fig.  .5(1. — Longitudinal  and  slightly  oblique  section  of  embryo  of  R.  mum  after  tlie  appearance  of  pri- 
mordia of  rostellum  and  suckers:  ac..  sucker:  ro.<..  rostellnm;  p/-.  car.,  primary  (-avity.  Enlarged. 
(After  Grass!  A Rovelli,  1892a.  pi.  3,  fig.  15.) 

Fig.  57. — Embryo  of  R.  nann.  Same  stage  as  preceding  figure,  in  cross-section;  ac..  sucker;  ro.--..  ros- 
tellum.  Enlarged.  (After  Gra.ssi  A Rovelli,  1892a.  pi.  3.  hg.  16. ) 

Fig.  .58.— Cercocystis  of  R.  mum  completely  developed.  Enlarged.  (After  Grass!  A Rovelli,  1,892a, 
pi.  :l,  fig.  13.)  . 


of  the  body,  and  sometimes  Avith  the  tail  also  (tigs.  5(t.  51).  The 
embiwonal  hooks  are  generally  found  on  the  tail,  sometimes  also  on 
the  posterior  part  of  the  body,  arranged  in  pairs.  The  embryos  often 
show  irregularities  in  form,  prominences,  etc.  (tigs.  17-19,  53).  In 
the  middle  of  the  bodylhere  may  be  found  one,  two,  or  three  calcare- 
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ous  corpuscles.  The  cells  making  up  the  embryo  are  at  this  stage 
irregularly  disposed  and  all  very  small,  except  a few  which  are  in 
immediate  relation  with  the  tail  and  primary  cavity  (lig.  55).  Neither 
in  this  nor  in  succeeding  stages  was  a subcuticular  muscle  system 
observed. 
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Fig.  59. — Longitudinal  and  slightly  oblique  section  of  i/.  nana  after  the  invagination  of  its  anterior 
portion;  ac.,  sucker;  hi.  p.,  anterior  opening  of  secondary  cavity;  1.  ext.,  external  ■wall;  1.  int., 
internal  wall;  pr,  cav.,  primary  cavity;  ros^  rostellum.  Enlarged.  (After  Grass!  ct  Rovelli,  1892a, 
pi.  3,  fig.  17.) 

Fig.  60. — Embryo  of  if.  nano.  Same  stage  as  preceding  figure,  in  cross  section  at  the  level  of  the 
suckera:  sec.  cai\,  secondary  camty.  Other  letters  as  in  preceding  figure.  Enlarged.  (After 
Grass!  & Rovelli,  1892a,  pi.  3,  fig.  18.) 

Fig.  61. — Longitudinal  and  slightly  oblique  section  of  an  embryo  of  if.  7iana  ac  a stage  somewliat 
later  than  fig.  59:  ac.,  suckers;  pr.  car.,  primary  cavity;  ros.,  rostellum;  sec.  car.,  secondary  cavity. 
Enlarged.  (After  Grassi  & Rovelli,  1892a,  pi.  3,  fig.  19.) 

Fig.  62. — Transverse  section  of  an  embryo  of  if.  iiana  at  the  same  stage  as  preceding  figure.  Enlarged. 
(After  Grassi  & Rovelli,  1892a,  pi.  3,  fig.  20.) 

The  second  stage.,  as  observed  iii  the  fresh  state,  still  showed  the 
cavity,  and  in  the  anterior  part  a deep,  narrow,  invaginated  depression, 
shaped  in  longitudinal  optical  aection  like  an  inverted  Y (dg.  54),  At 
this  stage,  also,  there  are  more  or  less  noticeable  four  points  in  which 
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the  cells  are  so  disposed  as  to  indicate  four  rounded  masses.  Sections 
of  this  stage  (figs.  56,  57)  confirm  the  presence  of  the  four-rounded 
masses,  and  in  the  region  of  the  Y-shaped  invagination  there  is  to  be 
distinguished  another  accumulation  of  cells,  the  primordium  of  the 
rostellum.  Accumulations  of  cells  were  occasionally  found  in  other 
regions  of  the  embryo  similar  to  the  four  masses  mentioned,  but  since 
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Fig.  63. — Longitudinal  section  of  an  embryo  of  H.  nana  at  a later  stage  than  preceding  figures:  ac., 
suckers;  pr,  cav.,  primary  caTity;  ros.,  rostellum;  sec.  car.,  secondary  ca^dty.  Enlarged.  (After 
Grass!  & Eovelli,  1892a,  pi.  3,  fig.  21.) 

Fig.  64. — Longitudinal  section  of  an  embryo  of  H.  nana  at  about  the  same  stage  as  the  preceding 
figure,  through  a different  plane:  ac.,  suckers;  1.  e.xt.,  external  wall;  1.  int.,  internal  wall;  pr.  cav., 
primary  cavity;  sec.  cav.,  secondary  cavity.  Enlarged.  (After  Grass!  & Rovelii,  1892a,  pi.  3,  fig.  22.) 
Fig.  65. — Longitudinal  section  of  an  embryo  of  H.  nana  at  a stage  preceding  the  appearance  of  the  ■ 
definitive  hooks;  the  rostellum  is  retracted:  ac.,  sucker;  hi.  p.,  anterior  opening  of  secondary 
cavity;  pr.  car.,  primary  cavity;  ros.,  rostellum;  sco.,  scolex;  sec.  cav.,  secondary  cavity.  Enlarged. 
(After  Grass!  & Rovelii,  1892a,  pi.  3,  fig.  23.  j 

the  latter  appeared  to  be  constant  in  many  examples,  both  in  the  fresh 
state  and  when  sectioned,  the  conclusion  was  arrived  at  that  the  four 
masses  in  question  were  the  primordia  of  the  suckers. 

The  second  stage  is  therefore  characterized  by  the  formation  of  the 
primordia  of  the  rostellum  and  suckers. 

In  the  third  stage  (figs.  59,  60,  62)  the  anterior  part  of  the  body  is 
invaginated  into  the  posterior,  and  the  primary  cavity  has  become 
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reduced  to  the  point  of  di.sappearance,  or  at  most  containing  but  very 
little  fluid,  except  behind,  where  it  is  in  relation  Avith  the  tail,  in  which 
region  it  remains  large  and  may  contain  cells  of  stellate  form.  The 
tail  has  not  increased  in  length,  and  still  bears  embryonal  hooks. 
Without  meaning  therelw  to  establish  any  homology,  (f rassi  compares 
this  stage  to  a gastrula.  The  anterior  opening  thus  corresponds  to  a 
blastopore,  the  secondary  cavity  formed  by  invagination  to  an  entero- 
coele.  and  the  primary  cavity  lying  between  the  outer  and  the  inner  wall 
to  a blastocoele.  The  outer  wall,  analogous  to  the  ectoderm  of  a gas- 
trula. is  verv  thin,  consisting  of  an  irregular  laver  of  more  or  less 
flattened  cells,  and,  external  to  this,  a thin  cuticula.  The  inner  wall, 
analogous  to  the  entoderm,  is  irregular  and  thick,  apparently  lined 
internally  with  cuticida.  The  rostellum  preserA  es  the  shape  it  had  in 
the  former  stage,  but  as  a result  of  the  invagination  of  the  anterior 
part  of  the  body  now  lies  posterior  of  the  plane  of  the  suckers 

In  the  next  foil  ov' tug  stages  (flgs.  61.  63,  64)  the  suckers  haA^e  moA'ed 
backAvard.  and  the  anterior  opening  of  the  secondary  caA'ity  has  closed 
over. 

At  later  stages  (tigs.  65,  66),  reached  40,  5o,  or  Tt»  hours  after  inges- 
tion, the  scolex  is  deflniteA  formed.  It  remains  attached  l)ehind  to 
the  inner  Avail  by  a peduncle.  A little  bridge  of  cuticula  still  indicates 
the  ]Alace  where  the  anterior  opening  of  the  secondary  cavity  has  been 
closed  over.  The  rostellum  ma}^  be  seen  in  a state  of  extension.  Tlie 
deflnitiA^e  hooks  have  not  yet  appeared.  The  tail  persists  unchanged 
Avith  the  embryonal  hooks. 

In  a still  later  stage,  reached  in  80  to  90  hours  after  ingestion,  the 
hooks  haA’e  appeared  on  the  rostellum.  and  the  excretory  A^essels, 
become  evident  (flg.  58). 

The  next  stage  seen  Avas  that  of  the  young  tapeworm,  with  short 
neck  and  no  trace  of  segmentation,  attached  to  the  epithelium  of  the 
A'illus. 

No  obseiwations  were  made  regarding  the  manner  in  A\diich  the 
cercocA^stis  leaA'es  its  position  in  the  villus,  and  becomes  transformed 
into  the  adult  Avorm. 

Not  ouIa^  AA’as  the  rapidity  of  development  found  to  A*ary  in  diflerent 
rats,  but  A^arious  stages  Avere  found  occurring  simultaneously  in  the 
same  host. 

Attempts  Avere  made  to  infest  human  subjects  with  eggs  and  mature 
segments  both  from  man  and  from  rats.  Experiments  Avere  made 
upon  eight  persons,  but  except  in  one,case  the  results  were  negatiA^e. 
This  case  Avas  that  of  a boy  flA^e  years  old,  Avho,  15  days  after  ingesting 
seA^eral  segments  of  Ilyinenolepls  nana  from  a rat,  began  to  pass  eggs 
in  his  feces,  and  after  the  administration  of  an  anthelmintic,  expelled 
about  50  Avorms.  Another  instance  might  be  mentioned  here,  in 
AA^hich  a boy,  Avho.  to  judge  from  fecal  examinations,  Avas  free  from 
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l[ymenolepis^  was  found  to  )>e  infected  after  a month,  during  which 
time  he  was  accustomed  to  collect  the  feces  of  an  infected  patient  for 
use  in  Grassi’s  experiments.  As  Grassi  stated,  however,  these  two 
cases  are  not  conclusive,  since  the  experiments  were  made  in  a countiy 
where  the  parasite  is  common,  and  since,  also,  the  worms  might  have 
l)een  present  in  the  intestine  without  eggs  being  manifest  in  the 
feces.  As  further  evidence  of  the  occurrence  of  a development  in 
man  similar  to  that  wliich  occurs  in  the  rat,  Grassi  (Grassi  & Rovelli, 
1892a)  mentions  cases  occurring  during  th(‘  years  1890  and  1891  in 
children  of  well-to-do  families.  Some  of  the  children  belonging  to 
these  families  would  l)ecom('  infected,  and.  2 to  4 months  later,  their 
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Fig.  66. — Longitudinal  section  of  an  embryo  of  H.  nana  at  about  the  same  stage  as  the  preceding 
figure;  rostellum  protracted:  !>/.  j>.,  anterior  opening  of  secondary  cavity;  caud.,  caudal  appendage; 
pr.  car.,  primary  cavity;  m'.  car.,  se(‘ondary  cavity.  Enlarged.  (After  Grassi  <fc  Rovelli,  1892a,  pi.  .3, 
tig.  24.) 

Fig.  67. — Longitudinal  section  of  an  intestinal  villus  of  the  rat,  containing  a cercocystis  of  If.  nava. 
Enlarged.  (After  Grassi  A Rovelli,  1892a.  pi.  3,  fig  2.5.) 

brothers  and  sisters  would  also  show  infection.  In  such  cases  it  seemed 
to  Grassi  that  the  chances  are  very  much  against  the  possible  swal- 
lowing of  invertebrates  which  might  contain  cysticercoids,  and  that 
the  circumstances  are  arguments  in  favor  of  the  occurrence  of  direct 
infection,  through  the  feces,  from  one  child  to  another.  Somewhat 
similar  evidence  is  given  by  Venuti  (1895),  who,  according  to  Massari 
(1898),  was  able  to  explain  the  phenomena  associated  with  the  appear- 
ance of  Ilymenolepis  among  the  inmates  of  a bo}^s'  asylum  at  Catania 
onty  upon  the  assumption  that  direct  infection  occurred.  (See  p.  55.) 

In  the  absence  of  conclusive  positive  experimental  evidence,  one 
ma}^  not,  of  course,  mak^  the  absolute  statement  that  Ilyjnenolepi^  nana 
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develops  in  man  after  the  manner  determined  by  Grassi  in  the  case  of 
the  rat,  but  it  is  safe  to  assume  that  a similar  development  occurs  in 
both  hosts,  at  the  same  time  not  forgetting  the  possibility,  in  both 
cases,  that  development  might  occur  also  by  means  of  an  intermediate 
host. 

ABSTRACTS  OF  CASES  OF  HYMEXOEEPIS  A AXA  IX  MAX.  « 


AFRICA. 


Cairo,  Egypt,  1851 1 case. 

Case  Xo.  1. — Bilharz  (Siebold,  1852)  was  the  first  to  observe  Hymenolepis  nana 
in  man,  when  he  found  at  the  autopsy  of  an  Egyptian  boy  who  had  died  from  men- 
ingitis a very  large  number  of  these  worms,  occupying  a restricted  portion  of  the 
ileum. 

Cairo,  1885, 1892 _ _ 2 cases. 

Cases  Xos.  2 and  3. — Ixxes  (Soxsrxo,  1885)  found  a single  example  in  the  intestine 
of  a young  Nubian  girl  who  had  been  drowned,  and  in  1892  (Ixxes,  1898,  p.  65), 
encountered  the  parasite  a second  time,  finding  20  specimens  in  the  intestines  of  an 
adult,  who  had  died  from  anemia.  The  mucous  membrane  of  the  ileum  showed  5 
or  6 little  bloody  extravasations  like  flea  bites,  and  quite  different  from  the  wounds 
produced  by  Agchylostorna  (not  reported  present  in  this  case),  but  whether  due  to 
the  tapeworms  the  author  could  not  say,  since  the  parasites  were  no  longer  adherent. 

EUROPE. 

Nottingham,  England,  1854-1855 1 case. 

Case  Xo.  4- — AV.  H.  Raxsom  (1856,  pp.  598-599)  in  July,  1854,  found  the  eggs  of 
Hymenolepis  nana  in  the  feces  of  a little  girl.  Their  identity,  however,  was  not  recog- 
nized until  more  than  thirty  years  later  (Grassi  & Calaxdruccio,  1887a,  p.  285^ 
Eaxsom,  1888,  pp.  109-110.)  The  girl  was  9 years  old,  of  poor  parents,  and  lived  in 
a low,  damp  locality;  had  always  been  delicate,  but  never  seriously  ill;  was  fond 
of  fruit  and  vegetables,  especially  raw  cabbage.  In  March,  1854,  she  began  to  com- 
plain of  feeling  faint  and  weak  in  the  morning;  she  was  treated  for  Avorms  by.  a 
druggist,  but  Avithout  result;  became  gradually  Aveaker,  losing  flesh,  strength,  and 
color;  her  appetite  Avas  capricious,  but  not  raA'enous;  she  suffered  occasionally  from 
a pain  in  the  left  side.  The  ordinary  symptoms  of  helminthiasis  (such  as  A’omiting 
and  nausea,  couAmlsions,  and  itching  of  seat  and  nostrils;  raA’enous  appetite  and 
gnawing  pains  in  the  abdomen;  round  AVorms,  seat  AVorms,  or  tapeAvorm  joints  in 
the  stools)  Avere  all  absent.  Besides  the  eggs  of  II.  nana  the  feces  contained  eggs  of 
the  AvhipAVorm,  Trichuris  trichiura.  Fecal  examinations  of  her  four  brothers  and 
sisters  shoAved  them  free  from  intestinal  parasites.  In  the  course  of  the  following 
year  the  patient  Avas  placed  under  anthelminthic  treatment  seA’eral  times;  a specimen 
or  two  of  eelworms  [Ascaris  lurnbrlcoides)  and  piiiAvorms  {Oxyuris  vermicularis)  Avere 
passed,  but  if  any  tapeworms  Avere  expelled  they  passed  unperceiA’ed.  With  careful 
diet  and  tonics  her  condition  Avas  much  improA’ed,  although  the  eggs  of  the  tape- 
worm Avere  found  in  the  feces  at  each  examination  and  Avere  still  present  in  Sep- 
tember, 1855,  fifteen  months  after  the  case  first  came  under  obserA’ation. 

«The  cases  abstracted  have  been  numbered  seriatim  for  conA’enience  of  reference, 
after  arrangement  chronologically  bw  countries. 

For  additional  cases  see  footnote,  p.  7. 
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Milan,  Italy,  1S79 1 case. 

Case  Xo.  o. — Grassi  (1879h,  p.  156)  reports  a case  from  the  Milan  Hospital  of  a girl 

Years  old,  suffering  from  severe  nervous  troubles  with  epileptiform  attacks,  the 
symptoms  resembling  those  of  a basilar  cerebral  tumor.  The  child  was  also  troublci 
bv  an  intermittent  diarrhea.  In  her  feces,  besides  the  eggs  of  H-seu/N-?,  Trichuris.  and 
Oxifuris,  were  some  cestode  eggs  determined  several  years  later  (Grassi.  lSS6a,  b) 
as  belonging  to  Hymenolepis  nana.  Kousso  and  kamala  were  administered  with 
negative  results. 

Belgrade,  Servia,  1885_. 1 case. 

Case  Xo.  6. — Blanchard  (lSS6e  reported  the  next  case  of  Hymenolepis  in  Euroi>e. 
A 7-year-old  girl  of  poor  parents  came  under  the  care  of  Doctor  Holez  of  Belgrade, 
suffering  from  digestive  troubles.  Tapeworm  was  suspected  and  male  fern  adminis- 
tered. A Teenia  solium,  some  Oxyuris  rermicularis,  and  50  Hymenolepis  nana  were 
passed.  The  treatment  was  repeated  four  or  five  times,  about  50  examples  of  H. 
nana  being  passed  each  time,  so  that  altogether  about  250  were  expelled.  This  case 
was  also  reported  by  Leuckart  ' 1886a,  pp.  995-997). 

Lombardy  and  Sicily,  Italy,  1886 '2  cases. 

Cases  Xos.  7 and  8. — In  1886  two  cases  of  Hymenolepis  nanavreve  ob-served  at  Milan 
by  Grassi  (1886a.  b,  1887d.)  Two  young  Sicilians,  one  of  whom  seems  to  have  l^een 
a medical  student  from  near  Catania,  Sicily  (Calaxdruccio.  1890a.  p.  124  . both  of 
robust  constitution,  were  affected  with  severe  nervous  troubles,  indolence,  epileptic 
attacks  without  loss  of  consciousness,  weakening  of  the  mental  faculties,  melancholia, 
and  bulimia,  which  resisted  all  treatment,  the  symptoms  generally  resembling  those 
exhibited  by  the  little  Milanese  girl  in  1879  (see  case  Xo.  5 . Upon  the  discovery 
of  cestode  eggs  in  the  feces  male  fern  was  administered,  after  ineffective  trials  with 
kousso  and  kamala,  and  each  patient  expelled  several  thousand  specimens  of  Hymen- 
olepis nana.  Following  this  treatment  all  the  morbid  symptoms  disappeared. 


Cusago,  near  Milan,  Italy,  1886 1 case. 

Case  Xo.  9. — This  case  was  reported  by  Visconti  A Segre  1886.  On  October  9. 


1886,  a peasant,  aged  17.  in  a state  of  extreme  prostration,  with  severe  dyspnea, 
entered  the  hospital  at  Milan  from  Cusago.  Toward  evening  the  dyspnea  increased, 
and  when  the  patient  was  seen  the  next  morning  he  was  unconscious,  respiration 
stertorous,  lips  blue,  extremities  cold,  and  jiulse  thready.  Death  supervened  shortly. 

Upon  inquiry  it  was  found  that  for  three  years  the  patient  had  suffered  from 
an  habitual  diarrhea,  passing  several  yellowish  stools  a day.  He  complaine<I  con- 
stantly of  colicky  pains  in  the  abdomen,  which  often  became  very  severe.  His 
appetite  however,  remamed  good,  and  was  not  perverted.  He  had  had  malaria, 
from  which  recovery  was  complete.  He  suffered  from  frequent  headaches  of  short 
duration;  always  felt  cold;  the  last  two  months  of  his  life  had  a slight  fever  even- 
ings, upon  which  quinine  had  no  effect;  his  respiration  was  noisy,  and  light  attacks 
of  dyspnea  were  of  occasional  occurrence.  Three  days  before  entering  the  hospital 
he  was  seized  with  a violent  attack  of  dyspnea,  and  repeated  attacks  of  clonic  con- 
^uilsions,  almost  epileptic  in  character,  each  lasting  for  some  time  and  followed  by 
evacuations  from  the  bowel. 

The  autopsy  revealed  4 specimens  of  Agchylostoma  duodenale  in  the  duodenum,  and 
6 Ascaris  lurnhricoides  and  about  400  Hymenolepis  nana  in  the  ileum.  The  taj^e- 
worms,  not  adherent,  were  scattered  through  the  ileum  from  its  beginning  to  about 
20  cm.  from  the  ileo  cecal  valve.  (For  pathology  of  this  case  see  p.  68.) 


Lombardy,  Italy,  1886-1887 3 cases. 

Catania,  Sicily,  1886-1889 23  ca.ses. 

Italy,  1890-1891 


several  cases. 
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Cases  Xos.  10  to  Id. — Grasse  (1887d)  records  6 new  cases,  8 observed  by  him 
in  Lombardy,  and  3 by  Calandrexcio  in  CataEiia,  Sicily.  Iei  o of  the  cases  the 
parasites  were  few,  and  only  slight  nervous  troEEbles  were  preseEit.  In  the  other 
(Xo.  12),  however  (one  of  the  cases  of  LoiEibai’dy),  the  nervous  troubles  were  verv 
EEiarked.  Aei  autopsy  Avas  perforEned  on  one  of  the  cases  in  CataEiia  (No.  15),  which 
showed  that  the  Avorms  had  bored  ileeply  into  the  Eiiucosa  and  pi'ovoked  Axry  con- 
siderable alteratioEis,  of  Avhich,  hoAveAxr,  no  account  is  given. 

Cases  Xos.  13  to  So. — Calandruccio  (1890a)  reports  for  CataEiia  23  cases  in  all,  3 
of  which  he  states  Avere  observed  by  Grasse.  It  is  possible  that  the  2 cases  of  the 
young  Sicilians  (7,8)  reported  by  Grasse  (1886  a,  b,  1887d)  are  to  be  iEicluded  in 
this  number,  but  tliere  seems  to  lie  soEne  confusion  in  the  reports  of  these  two 
authoi's  as  to  the  identity  of  the  various  cases  aEid  a certain  lack  of  definiteness,  so 
that  it  is  not  possible  to  state  the  figures  Avith  accuracy. 

The  persons  examined  were  mostly  young  and  of  the  male  sex;  21  cases  Avei’e 
childixn,  2 adults;  Id  at  least  Avere  Eiiales,  and  3 females,  very  likely  the  other  6 
Avere  males.  In  the  feces  of  20  children,  aged  8 to  10  years  and  atteEiding  the  saEiie 
rural  school  Iei  Catania,  the  eggs  of  Ifumenolepi.'^  nana  Avere  found  3 times,  together 
with  the  eggs  of  AscarC.  O.viiaris,  aEid  TrlrfiurC.  Of  50  boys,  aged  7 to  10  yeai’s,  in 
the  Ospizio  di  beneficeEiza  of  Catania,  4 harbored  the  parasite. 

Ca.se  Xo.  32. — Calaxdrixceo  observed  the  case  of  a young  child,  avIio  SEiffered  from 
seAxre  intestinal  troubles,  Avhich  ceased  two  days  after  the  expulsion  of  a great  nuEii- 
ber  of  lly menolepis  nana. 

tJa.ses  Xos.  33  and  34. — He  also  mentions  in  soEiie  detail  2 cases,  adults  Avho  harbored 
numerous  speciEiieEis.  They  suffered  Avith  alternatiEig  diari’hea  and  constipation,  not 
infrequently  Avith  abdominal  pains,  and  Avith  more  or  less  severe  epileptic  attacks  of 
frequeEEt  occurrence.  After  the  eliEEiiEiatioEi  of  the  para.sites,  the  patieEits  experieEice<I 
lEO  disturbaEices  for  several  EiiOEiths.  The  svEiiptOEns  later  reajApeared,  but  Avere  less 
intense  aEid  less  frequent.  The  feces  Avere  reexamined  on  a number  of  occasions,  but 
no  eggs  of  IhjmenolepC  nana  coEild  be  found.  This  circuEnstance  Enade  it  seeEii  very 
probalfie,  accordiEig  to  Cae.axeerexceo,  that  the  two  individEials  wei’e  inherently  ej)i- 
leptic  and  the  effect  of  the  tapeworEiis  had  been  that  of  aggraA'ating  the  symptoms 
and  rendei’ing  them  more  intense  and  more  fi’equent. 

C<tse  Xu.  3d. — The  ca.<e  of  a feEiiale  child,  4 years  old,  is  referi’ed  to  by  Grasse  iVc 
I’alaxdrucceo  (1887a).  Although  this  patient  harbored  thousands  of  Il^/menoIepC, 
she  showed  no  syEiiptoms  except  occasional  aVxloEninal  paiiis  of  ti’ansitory  natEire. 

Grasse  (Gr.a.sse  A Roaxlle,  1892a)  speaks  of  seAxral  ('ases  occurring  during  1890- 
1891  among  childi’en  of  well-to-do  families,  biit  giAxs  nodetailed  accouEit  of  them. 

Varese,  Italy,  1884-1886 '2  cases. 

Ca.se  X).  36. — Comexe  (1887  a,  e1,  1888  a)  repoi’ts  a case  of  Hymenolepis  nana  in  a 
boy,  9 yeaE’s  of  age,  born  and  living  in  GaA’irate.  The  parents  of  the  patient  Avere 
healthy,  but  a paternal  aunt  had  died  Avith  syEiiptoms  of  insanity.  At  14  months 
of  age  he  had  been  treated  Avith  .santonin  for  Avornis;  after  taking  the  drug  his  skin 
liecame  cold,  the  lips  and  face  blue,  eyes  staring,  and  Ixidy  stiffeneil.  After  recoAxr- 
ing  from  the  immediate  effects  of  the  .'^antonin  he  was  left  Avith  a slight  paresis  of 
the  extremities  of  the  right  side;  this  symptom,  however,  disapjieared  in  a month 
without  leaving  any  traces.  ^He  passed  a great  number  of  O.vyuris  in  June,  1884, 
after  ti’eatment  Avith  an  anthelminthic  clyster.  On  July  4 the  boy  was  seen  to 
become  suddenly  pale  and  comatose.  After  a feiv  minutes  the  condition  of  coma 
Avas  succeeded  by  violent  clonic  contractions,  trismus,  and  foaming  at  the  mouth. 
This  coiiA’ulsiA'e  attack  lasted  about  tAvo  hours,  and  Avas  folloAved  again  by  coma  of 
seA'ei’al  hours’  duration. 

On  the  25th  of  August  there  Avere  a couple  of  attacks  of  an  epileptic  natui’e, 
Avhich  up  to  the  14th  of  Septemlier  were  of  daily  occurrence,  sometiEiies  as  many  as 
6 in  tAventy-four  houi’s.  After  this  the  attacks  ceased. 
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111  July,  1<SS6,  nearly  two  years  later,  there  was  a recurrence  of  the  nervous 
syinptoins.  Eggs  of  J[;fmeito/epls  nnna  were  found  in  the  feces.  Up  till  October  the 
child  suffered  with  severe  cerebral  troubles  and  epileptiform  attacks.  The  eggs  were 
still  abundant  in  the  feces.  Extract  of  male  fern  was  prescribed.  Although  the 
worms  were  not  found  in  the  stools  after  the  treatment,  the  eggs  disappeared  from 
the  feces,  and  the  attacks  ceased.  In  the  latter  part  of  December  (Comixi,  1887a, 
p.  61)  the  attacks  again  recurred  more  severe  than  before,  and  the  eggs  likewise  ha<l 
reappeared  in  the  feces.  Comixi  (1888a)  is  rather  doubtful  as  to  the  etiological 
importance  of  ILpnenolepIs  in  this  case,  in  which  there  was  already  an  apparent 
congenital  predisposition  to  nervous  disease. 

Case  Xo.  37. — A second  case  was  observed  Deceml)er,  1886,  by  Co.mixi  (1887  a,  d, 
1888a)  at  the  hospital  in  Varese. 

The  patient,  a little  girl  of  3 years,  with  a tuberculous  mother,  had  suffered  for  two 
years  with  a continual  dyspnea,  without  fever  or  cough,  but  often  accompanied  by 
pains  in  the  alidomen,  and  functional  gastro-intestinal  disorders.  Eggs  of  Hymen- 
olepis  urma  were  numerous  in  the  feces  (7  to  8 in  every  preparation).  Eggs  of  Ascaris 
were  also  present. 

After  anthelminthic  treatment  the  dyspnea  became  gradually  better  and  disappeared 
entirely  in  a few  days.  A year  later  the  child  was  in  excellent  physical  condition, 
and  the  feces  were  free  from  eggs  of  HymenolepC. 

Pavia,  Italy,  1886-1889  6 case.s. 

These  6 cases  were  observed  in  very  complete  detail  by  8exx.\  (1889)  at  the 
clinic  of  Professor  Orsi,  who  also  published  a short  paper  (Orsi,  1889)  in  regard  to 
them. 

Case  Xo.  (8ex.\a’s  Case  1).  — Epileptiform  convul.'^ions  with  intestinal  helmin- 
thiasis. 

Female,  15  years  of  age,  domestic.  Always  weak  and  of  a delicate  constitution, 
she  had  suffered  for  three  years  from  convulsive  clonic  attacks,  with  foaming  at  the 
mouth  and  complete  loss  of  consciousness.  These  attacks  were  at  first  fleeting  and 
occurred  only  at  long  intervals,  but  as  time  went  on  became  more  frequent  and 
insistent,  ei^pecially  at  night.  There  were  present  also  gastric  dyspepsia  and  trouble- 
some abdominal  paresthesia,  with  a sense  of  constriction  in  the  fauces.  Anthelmin- 
tics had'been  tried  with  no  apparent  result.  She  had  also  had  at  one  time  a convulsive 
cough  which  lasted  a year,  a suppurating  keratitis  of  the  right  eye,  and  frequent 
inflammation  of  the  cervical  glands.  Her  father  and  brother  Avere  both  healthy, 
but  the  former,  a day  laborer,  was  somewhat  giA^en  to  drunkenness.  Neither  nerv- 
ous maladies  nor  pellagra  Avas  known  in  the  family;  a paternal  uncle  had  died  of 
consumption. 

The  patient  entered  the  clinic  the  last  of  November,  1886.  The  convulsive  attacks 
continued,  occurring  almost  every  night,  and  rarely  in  the  daytime.  Some  nights 
the  attacks  Avere  very  transitory  and  passed  almost  unperceived  by  tlie  nurse.  The 
girl  Avas  someAvhat  melancholy,  taciturn,  and  preferred  solitude.  She  was,  howeA'er, 
of  good  intelligence,  and  careful  physical  examination  revealed  no  morbid  organic 
conditions  of  importance.  Examination  of  the  feces  shoAved  numerous  eggs  of  eel- 
AA'orms  {Ascaris  himbricoides),  a very  iev,'  of  liookAvorms  {Agchylostoma  duodenaIe),  i\ 
feAv  of  AvhipAVorms  ( Trichuris  tricMiira),  and  of  Hymenolepis  nana.  SeA’eral  eelworms 
Avere  passed  after  the  administration  of  santonin,  but  no  tapeAA'orms  Avere  seen,  nor 
Avere  any  of  the  latter  perceived  in  the  stools  after  treatment  Avith  ethereal  extract  of 
male  fern.  Some  tapeAvorms,  hoAvever,  Avere  undoubtedly  expelled,  since  the  eggs 
Avereno  longer  to  be  found  in  the  feces.  The  patient  improA'ed,  and  left  the  hospital 
the  latter  part  of  December. 

Amelioration  lasted  only  a few  months;  the  conAuilsions  came  on  again,  and  the 
patient  returned  to  the  hospital  in  April,  1888.  As  before,  she  suffered  Avith  epilepti- 
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form  convulsions  almost  eveiy  night,  more  rarely  by  day.  often  accompanied  by 
involuntary  micturition;  there  vrere  occasional  manifestations  of  somnambulism. 
She  was  more  taciturn  than  before,  and  somewhat  stupid.  Eggs  of  Ascaris  and 
Hymenolepis  were  again  found  in  the  feces.  Male  fern  was  administered,  but  no 
worms  were  obtained.  The  patient,  after  a month,  left  the  hospital. 

She  returned  a thuxl  time  in  the  middle  of  April,  1889.  Eor  some  time  after  leaving 
the  hospital  she  had  been  fairly  well,  but  more  recently  the  con\'ulsions  had  reap- 
peared, and  occurred  almost  every  night.  She  had  menstruated  for  the  first  time  in 
August,  1888;  afterwards  only  in  October,  and  again  in  February.  The  girl  is  still 
more  melancholy  and  self-centered  than  before,  does  not  wish  to  associate  with  any 
one,  is  restless,  inclined  to  lament  over  everything,  and  is  very  slow  and  unwilling 
in  answering  questions.  Physically  she  is  fairly  well  developed,  but  is  somewhat 
pale  and  languid.  There  are  evident  scrofulous  signs — a peculiar  softness  of  the 
skin,  tumid  lips,  scar  on  the  right  eyeball  from  keratitis,  sinistral  cervical  adenitis. 
The  head  is  of  normal  size  and  shape,  intelligence  good,  no  defects  in  the  special 
senses,  appetite  and  thirst  moderate,  tongue  coated,  breath  fetid,  digestion  diflicult, 
defecation  and  uropoietic  functions  more  or  less  regular,  a rough  diffuse  vesicular 
murmur  in  the  chest,  no  cough  nor  dyspnea.  Patient  complains  of  a troublesome 
abdominal  paresthesia,  a sensation  as  of  a snake  crawling  through  the  abdomen  and  up 
to  the  fauces,  with  a sense  of  heat  in  the  epigastrium,  and  strangulation  at  the  throat. 
This  sensation  is  often  more  intense  before  the  daily  convulsive  attack.  The  pulse 
is  regular,  urine  normal,  and  there  is  no  fever.  In  the  feces  are  eggs  of  Ascaris, 
Trichuris,  and  a few  of  Hymenolepis  nana  ( 1 to  2 per  slide). 

After  entering  the  ho.spital  the  patient  had  one  convulsive  attack  during  the  day- 
time. She  fell  suddenly,  with  diffuse  clonic  spasms,  foamed  at  the  mouth,  and  was 
entirely  unconscious.  When  seen  by  Senna  she  was  in  a comatose  condition,  not 
responsive  to  command  nor  reacting  to  cutaneous  stimuli;  the  pupil  was  not  abnor- 
mally dilated  and  reacted  a little  to  light.  Another  day  she  was  observed  during  an 
attack  of  diffuse  tremor,  which  she  said  was  of  freciuent  occurrence.  Almost  every 
night  she  was  taken  with  fleeting  convulsive  attacks,  moved  arms  and  head,  foamed 
at  the  mouth,  and  uttered  a groan  or  a whistling  sound.  In  the  morning  she  had  no 
recollection  of  the  occuiTence. 

Five  grams  ethereal  extract  of  male  fern,  followed  by  a purgative,  were  adminis- 
tered. In  the  copious  watery  stools  no  tapeworms  could  be  found,  but  for  several 
days  following  the  patient  was  much  improved,  no  longer  felt  the  peculiar  sensations 
in  the  epigastrium  and  throat,  and  was  not  troubled  with  the  muscular  spasms.  The 
eggs  of  the  tapeworm  were  absent  from  the' feces.  After  a short  time  light  convul- 
sive attacks  during  the  night  again  appeared,  but  the  patient  felt  so  much  improved 
that  she  left  the  hospital  toward  the  end  of  the  month. 

It  is  evidently  not  possible  in  this  case  to  establish  an  absolute  connection  between 
the  epileptic  attacks  and  the  presence  of  Hymenolepis  nana,  since  a complete  a.nd  last- 
ing cure  was  not  attained,  and  since  the  patient  was  scrofulous,  debilitated,  and  the 
child  of  an  alcoholic  father.  It  is  certain,  however,  that  she  improved  after  each 
treatment,  and  it  is  justifinble  to  consider.  Senna  thinks,  that  the  presence  of  Hyrnen- 
olepis  nana,  and  perhaps  also  of  the  other  intestinal  worms,  if  not  the  sole  cause,  at 
least  had  great  influence  upon  the  epileptiform  manifestations,  since  they  reappeared 
or  became  less  frequent  in  correspondence  with  the  presence  or  absence  of  eggs  in 
the  feces. 

Case  Ho.  39  (Senna's  Case  II). — Epileptiform  convulsions,  with  intestinal  helmin- 
thiasis {Hymenolepis  nana). 

School  girl,  16  years  old,  native  of  Stradella.  Lombardy.  Mother  died  in  child- 
birth; three  brothers  and  one  sister  dead:  causes  not  known.  One  brother  living; 
healthy.  Father  living;  inebriate. 

The  patient  had  always  been  in  the  best  of  health  imtil  the  year  before,  when  she 
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had  an  attack  of  typhoid  fever.  She  menstruated  for  the  first  time  in  December^ 
1887,  and  since  then  only  in  the  middle  of  March.  Had  worked  for  four  years  at 
Milan  as  a weaver;  came  to  Pavia  in  October,  1887,  to  live  with  her  grandmother 
and  attend  school.  Two  months  before  entering  the  hospital  she  began  to  suffer 
with  severe  headaches,  especially  while  working,  and  after  eating;  she  also  noted  an 
increase  of  appetite,  and  a slight  cardiac  palpitation  on  muscular  effort.  Digestion 
and  bowels  remained  regular.  About  a month  after  the  beginning  of  these  symp- 
toms, the  patient  was  rudely  accosted  by  some  soldiers.  She  was  not  much  frightened 
at  the  time,  but  on  reaching  home  she  was  taken  with  a convulsive  attack.  From 
this  time  similar  attacks  were  experienced  nearly  every  day,  frequently  two  or  three 
times.  She  would  be  found  on  the  ground,  unconscious,  with  a bloody  froth  at  the 
mouth,  and  biting  her  tongue.  Together  with  these  symptoms  there  was  an  acute 
pain  in  the  epigastrium,  a sense  of  constriction  in  the  fauces,  and  frequently  after 
the  attacks,  diplopia. 

The  patient  came  to  the  hospital  the  middle  of  iMarch,  1888.  She  was  physically 
well  developed,  somewhat  pale,  the  gait  was  normal,  decubitus  indifferent,  intelli- 
gence good,  character  mild^and  tranquil,  no  alteration  in  the  special  senses,  nor  in 
the  sensibility  and  mobility  of  the  face  and  cervical  muscles.  The  eyes  appear  some- 
what salient,  react  regularly  to  light,  movements  of  the  bulb  intact,  except  occasional 
diplopia  from  insufficiency  of  the  right  rectus  internus.  Tongue  normal  in  size, 
form,  and  direction,  with  a number  of  shallow  furrows  in  the  mucosa  of  the  anterior 
two-thirds,  irregularly  disposed  and  filled  with  a whitish  scum.  There  is  increased 
appetite  without  malacia  or  pica,  thirst  moderate,  speech  and  deglutition  normal. 
There  are  no  abnormalities  of  neck  or  chest.  The  form  and  volume  of  the  abdo- 
men; gastric,  intestinal,  uropoietic  and  menstrual  functions;  pulse,  urine;  the 
motility,  sensibility,  and  reflexes  of  the  extremities  are  all  normal.  Complete 
apyrexia.  The  feces  contain  eggs  of  Ascaris,  Trichuris,  very  few  of  Agchylostoma 
duodenale,  and  a great  many  of  Hymenolepls  nana,  7 to  8 or  more  in  every  prepara- 
tion. Besides  the  severe  headache,  the  patient  complains  of  a painful  sensation  of 
strangling,  which  is  almost  continuous,  often  more  intense  just  before  the  onset  of  a 
convulsive  attack,  and  of  a persistent  pain  in  the  epigastrium,  exacerbating  on  palpa- 
tion. The  last  sensation  is  often  that  of  a severe  gnawing. 

At  the  beginning  of  her  stay  at  the  hospital  she  had  a convulsion  nearly  every 
day,  and  sometimes  two  or  three.  The  onset  of  the  attack  is  usually  sudden,  some- 
times preceded  by  an  intense  pharyngeal  spasm.  During  severe  attacks  conscious- 
ness is  entirely  lost.  The  patient  falls  with  a groan,  the  face  is  pale  with  an 
astonished  expression,  eyes  fixed  and  expressionless,  with  a slight  mydriasis.  The 
superior  extremities,  especially  the  right,  are  shaken  with  coarse,  irregular,  clonic 
movements,  the  trunk  is  bent  to  one  side,  frequently  the  left,  and  the  lower  extrem- 
ities exhibit  diffuse  clonic  spasms  with  vibrations  finer  and  more  rapid  than  those  of 
the  upper. 

The  pupils  are  not  affected  by  light;  there  are  no  losses  of  urine  or  feces;  some- 
times there  is  a slight  foaming  at  the  mouth.  After  a few  seconds  the  patient  gives 
signs  of  regaining  consciousness,  but  for  some  minutes  the  face  retains  its  look  of 
astonishment  and  the  eyes  their  expressionless  stare.  After  the  convulsive  attack 
she  complains  for  several  hours  of  headache  and  remains  somewhat  depressed;  does 
not  recall  having  had  the  attack. 

After  treatment  no  worms  were  found  in  the  feces,  but  the  eggs  were  afterwards 
absent.  The  abdominal  pains  and  the  pharyngeal  spasm  disappeared  and  the  epilep- 
tiform attacks  were  much  diminished  in  frequency.  Eggs  having  again  been  found 
in  the  feces,  treatment  was  repeated,  and  the  attacks  ceased  entirely  for  fifteen  days. 
At  the  end  of  this  time  they  returned,  but  much  less  intense  than  at  first,  and  the 
girl  left  the  hospital,  uncured,  in  June,  1888. 

More  recently  Senna  saw  the  patient,  who  told  him  that  she  suffered  from  the  con- 
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vulfiions  for  four  months  after  leaving  the  hospital,  but  they  then  disappeared  and 
had  not  since  returned.  She  felt  entirely  well  and  ap]>eared  happy  and  in  the  best 
of  health. 

Case  4<>  (Senna’s  Case  III). — Sinistral  hemiparesia  and  other  diffuse  nervous 
disturbances  (from  Hijmenolepls  nana  C). 

School  girl,  11  years  old,  from  Sanazzaro.  Family  history  good.  According  to 
her  mother,  child  was  always  bright,  vivacious,  and  of  a sweet  and  affectionate  dis- 
position. 

In  the  beginning  of  February,  1889,  it  was  noticed  that  the  girl,  when  standing  or 
walking,  swayed  uj^on  her  legs  as  if  to  fall.  IVhen  talking,  the  angle  of  her  mouth 
was  drawn  toward  the  right  side.  She  complained  of  slight  headaches,  and  occa- 
sional vertigo;  fell  to  the  ground  one  day  while  going  to  school.  The  appetite  and 
digestion  remained  good,  there  Avas  no  fever,  no  vomiting,  no  spasms  of  any  sort, 
and  the  child  continued  to  go  to  school  with  no  appreciable  change  in  character  or 
intelligence.  Little  by  little  walking  became  more  difficult,  the  left  arm  and  leg 
became  weakened,  and  there  was  often  diplopia. 

The  patient  entered  the  hospital  the  18th  of  February,  1889.  She  is  well  de- 
veloped for  her  age;  of  healthy  color.  Gait  is  uncertain  and  vacillating,  and  left  leg 
drags.  The  eyes  are  fixed,  and  she  carries  the  head  inclined  toward  the  left  shoulder 
with  the  chin  turned  to  the  right.  Closing  the  eyes  has  no  effect  on  the  gait.  The 
decubitus  is  indifferent,  patient  is  calm,  and  the  sleep  tranquil.  Form  and  size  of 
head  is  normal.  There  is  considerable  deficiency  in  the  action  of  the  muscles  on 
the  left  side  of  the  head.  Special  senses  are  normal;  pupils  somewhat  dilated,  nor- 
mal in  reflexes  and  accommodation.  Moderate  degree  of  convergent  strabismus, 
the  movement  of  the  right  eye  outAvard  being  deficient;  occasionally  there  is  a 
slight  nystagmus;  the  patient  no  longer  complains  of  diplopia.  Epiphora  of  the 
left  eye,  lachrymal  duct  open;  anesthesia  of  cornea  and  conjunctiA’a.  No  objectiA'e 
change  in  the  sensibility  of  the  face,  no  tender  spots.  Tongue  and  uvula  deA’iate  to 
the  right.  Appetite  is  good,  thirst  moderate.  Phonation,  mastication,  and  deglu- 
tition normal;  no  abnormal  sensation  at  the  throat,  no  painful  spots  nor  spasms  in 
the  neck.  No  pains  nor  abnormal  sensations  in  chest  or  abdomen;  digestion  and 
other  functions  regular.  Examination  of  the  spinal  column  negative;  attitude  of 
extremities  normal;  no  change  in  sensation,  no  muscular  spasms.  Weakness  of  the 
extremities  of  the  left  side.  Painful  sensation  of  tingling  and  formication  on  the  left 
side  of  the  body  (excepting  the  face).  Electro-muscular  contractility  same  on  both 
sides;  the  cutaneous  and  tendinous  reflexes  are  regular,  Avith  the  left  patellar  reflex  a 
little  more  conspicuous  than  the  right.  Urine  and  pulse  are  normal.  No  fever. 
Eggs  of  Hymenolepis  nano  present  in  the  feces  to  the  number  of  5 or  more  in  every 
preparation.  After  the  administration  of  3 grams  of  ethereal  extract  of  male  fern  an 
extraordinary  number  of  the  tai)eworms  Avere  passed. 

In  diagnosing  this  case  Orsi  excluded  cerebral  tumor  on  account  of  the  rather  rapid 
rise  of  the  morbose  phenomena,  unaccompanied  Avith  much  pain,  partial  or  general 
spasms,  or  A’omiting.  Tubercular  meningitis  Avas  excluded  by  the  lack  of  tuber- 
cular or  scrofulous  antecedents,  and  the  absence  of  febrile  symptoms  and  of  abdomi- 
nal or  thoracic  tuberculosis.  The  symptoms  Avere  similar  to  those  of  a cerebral 
hemorrhage  Avith  multiple  foci,  but  the  age  of  the  j)atient  rendered  this  diagnosis 
A’ery  doubtful.  Senna  remarks  upon  the  possibility  of  a reflex  paralysis  from  irrita- 
tion caused  by  the  parasite. 

After  the  elimination  of  the  Avorms  the  patient  became  no  better,  although  her 
feces  no  longer  contained  eggs.  She  left  the  hospital  the  8th  of  March,  continued 
to  grow  Avorse,  Avithout  the  reappearance  of  eggs  in  the  feces,  and  returned  again  to 
the  hospital  in  the  early  part  of  April.  She  Avas  still  intelligent,  but  appeared  to  be 
•lazed  and  could  speak  only  Avith  great  difficulty.  The  sinistral  hemiparesia  Avas 
more  marked,  and  the  right  leg  had  become  Aveakened.  The  other  symptoms  Avere 
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as  before.  Male  fern  was  administered  without  results.  The  patient  died  a few 
weeks  later,  in  the  early  part  of  June,  1889,  after  suffering  for  three  or  four  days  with 
a violent  headache,  especially  on  the  right  side,  and  a high  fever.  Xo  autopsy  was 
made. 

Case  Xo.  41  (Senna’s  Case  IV). — Complete  paralysis  of  the  right  external  oculo- 
motor, and  corresponding  facial  paresis,  with  Ilymenolepls  nana. 

Female,  7 years  old,  daughter  of  a fruit  vendor,  from  Borgorato  i\Iormorolo  (Vog- 
hera).  Family  history  good ; no  preceding  illness  of  any  importance.  In  September. 
1888,  the  patient  began  to  show  a weakness  in  the  extremities  of  the  right  side;  gait 
became  irregular;  the  mouth  was  drawn  to  the  left;  when  she  held  anything  in  her 
hands  clonic  convulsions  of  the  right  arm  were  often  observed.  Toward  the  middle 
of  February,  1889,  diplopia  and  convergent  strabismus,  affecting  the  right  eye, 
appeared.  Shortly  after  this  she  began  to  have  slight  headaches  at  intervals;  her 
intelligence  remained  good  but  speech  became  difficult.  An  anthelmintic  Avas  admin- 
istered; the  general  state  of  her  health  was  improved,  but  the  strabismus  persisted. 

The  patient  on  examination  appeared  Avell  developed,  and  of  healthy  color.  She 
walked  very  Avell,  but  exhibited  a little  uncertainty  in  rapid  movements,  and  held  the 
head  slightly  inclined  toAvard  the  right  shoulder.  She  no  longer  complained  of  Aveak- 
ness  of  the  right  arm  and  leg,  nor  of  headache.  She  Avas  quite  intelligent,  the  size 
and  form  of  the  head  AA’ere  normal,  there  Avas  no  objectiA'e  change  in  the  sensibility 
of  the  face,  senses  normal,  no  tender  spots  nor  spasms.  There  Avas  apparently  com- 
plete paralysis  of  the  right  rectus  externus,  the  eye  could  be  moA’ed  upAvard  or  doAvn- 
ward,  but  lateral  moA^ement  Avas  impo.ssible.  Diplopia  Avas  present.  The  pupils 
Avere  regular  and  reacted  Avell  to  light.  The  left  angle  of  the  mouth  Avas  draAvu 
upAvard  and  outAvard.  The  appetite  Avas  good;  thirst  moderate;  the  tongue  nor- 
mal, deglutition  good;  speech  difficult,  but  according  to  the  patient,  improved  some- 
Avhat  compared  Avith  its  former  condition.  There  Avas  an  occasional  dry  cough, 
someAvhat  spasmodic;  noAv  and  then  a deep  sigh.  Xeck,  chest,  and  abdomen  nor- 
mal. Xo  pains  nor  paresthesia  in  abdomen. 

The  gastro-intestinal  and  uropoietic  functions  Avere  regular.  There  Avere  no  objec- 
tiA’e  evidences  of  diminished  poAver  of  the  limbs,  and  hyperkinetic  manifestations 
and  alterations  of  sensibility  Avere  absent;  reflexes  persistent.  Urine  and  pulse  regu- 
lar. Xo  fever.  The  feces  contained  the  eggs  of  Hi/inenolepis  nana  and  A.^caris  lurn- 
hricoides  in  moderate  numbers.  Three  grams  of  ethereal  extract  of  male  fern  folloAved 
by  a purgative  Avere  administered  and  a large  number  of  H.  nana  Avere  expelled. 
The  speech  and  gait  Avere  much  improved  in  a few  days,  although  the  strabismus 
and  deviation  of  the  mouth  continued.  The  strabismus  finally  shoAved  signs  of 
amelioi'ation,  and  the  right  eye  could  be  moved  outAvard  to  a liarely  ])erceptiblc 
degree.  The  eggs  Avere  no  longer  present  in  the  feces. 

Case  Xo.  42  (Senna’s  Case  V). — Chronic  chorea  minor  caused  by  Ilyrnenolepis  nana. 

Boy,  11  years  old,  peasant,  from  Cei'A’esina.  Family  history  good.  Operated  upon 
when  a baby  for  A'esicular  calculus;  has  had  malaria;  and  several  times  intestinal 
helminthiasis,  Avith  Auolent  colic,  Avithout  reflex  ner\*ous  phenomena;  cured  after  the 
expulsion  of  ascarids  Avith  santonin. 

In  January,  1889,  the  patient  began  to  experience  a difficulty  in  talking  and  in 
moving  his  tongue.  Some  days  later  he  Avas  affected  with  coiiA'ulsive  movements  of 
the  head  and  face,  then  of  the  arms.  Afterwards  the  trunk  and  loAver  extremities 
became  similarly  affected.  His  condition  continued  to  groAv  Avorse,  and  he  entered 
the  hospital  in  the  latter  part  of  April. 

The  patient  is  tolerably  Avell  developed,  Avith  fine  skin  and  rather  pallid  mucous 
membranes.  Irregular,  clonic,  involuntary  muscular  contractions  occur  continually, 
sometimes  inAmlving  the  entire  body,  Avhich  render  the  erect  posture  and  the  gait 
uncertain  and  A'acillating.  In  brief,  the  symptoms  are  those  common  to  chorea 
minor.  Everything  that  excites  or  stimulates  the  patient  aggravates  the  muscular 
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agitation,  ^vhich  can  not  be  controlled  in  the  least  by  the  will.  The  sleep  is  tranquil, 
and  nocturnal  muscular  spasms  are  absent.  He  is  intelligent;  the  speech,  however,  is 
incoherent,  monosyllabic,  and  at  times  almost  incomprehensible.  The  pupils  are 
unequal,  sometimes  one,  sometimes  the  other  being  the  larger,  but  they  react  well 
to  light.  Vision  is  diminished  in  the  left  eye,  there  is  diplopia,  and  unilateral  con- 
vergent strabismus,  due  to  insufficiency  of  the  left  rectus  externus.  Special  senses 
and  sensibility  of  the  face  are  normal.  Appetite  and  digestion  are  good.  Apex 
beat  of  heart  in  fourth  intercostal  space  in  the  nipple  line,  and  heart  of  normal  size. 
The  systole  is  accompanied  by  a slight  blowing  murmur  at  base  and  apex.  Size  of 
liver  normal.  Spleen  very  slightly  enlarged.  There  is  pain  and  a sense  of  pressure 
in  the  epigastric  and  umbilical  regions.  The  abdomen  is  regular  in  form  and  volume. 
The  gastro-intestinal  and  uropoietic  functions  are  normal.  Examination  of  the 
spinal  column  resulted  negatively.  Excepting  the  choreic  movements,  the  nervous 
system  showed  no  abnormalities  in  the  trunk  and  extremities.  The  pulse  and  urine 
are  normal  and  there  is  no  fever.  In  the  feces  are  eggs  of  Trickuris,  Ascaris,  and 
IT.  nana  (2  to  4 per  slide) . 

The  administration  of  4 grams  of  extract  of  male  fern  was  followed  by  the  evacua- 
tion of  about  50  tapeworms.  The  next  day  the  patient  was  in  a state  of  prostration, 
with  severe  pains  in  the  abdomen.  The  following  day  he  was  resting  much  easier; 
after  that  improved  rapidly  and  was  soon  entirely  well.  Eggs  of  Hymenolepis  nana 
were  no  longer  to  be  found  in  the  feces. 

Case  Xo.  4S  (Senna’s  Case  VI). — School  girl,  11  years  old,  from  Sommo.  Familv 
history  good,  and  patient  had  always  been  in  good  health. 

In  January,  1888,  the  patient  became  taciturn  and  seemed  stupid;  weakness  and 
irregular  clonic  spasms  appeared  in  the  extremities  of  the  right  side,  and  after  a 
short  time  the  speech  was  affected  and  became  difficult.  There  was  diplopia;  the 
mouth  was  drawn  upward  on  the  right  side;  there  were  also  headache,  pharvngeal 
spasms,  paresthesia  and  pains  in  the  abdomen,  but  functional  troubles  were  absent. 
The  symptoms  became  worse,  and  by  Fall  the  spasms  had  begmi  to  affect  the  left  side, 
but  with  less  intensity.  Anthelmintic  powders  containing  santonin  were  adminis- 
tered repeatedly  without  result.  In  December  a teniafuge  of  unknown  composition 
was  given,  and  the  patient  became  much  better,  so  that  by  the  end  of  a month  she 
was  entirely  well.  After  three  months,  however — in  March,  1889 — the  symptoms  sud- 
denly reappeared,  but  less  intense  and  more  intermittent.  The  child  was  brought  to 
the  hospital  in  May. 

The  patient  is  rather  slender,  with  fine  pale  skin.  She  is  reserved  and  taciturn, 
has  some  difficulty  in  moving  the  extremities  of  the  left  side,  has  headache,  and 
paresthesia  and  pain  in  the  abdomen,  with  crawling  and  gnawing  sensations.  She 
also  experiences  a feeling  of  constriction  at  the  throat,  and  sometimes  diplopia. 
Objective  examination  reveals  nothing  noteworthy  except  a slight  diminution  in  the 
muscular  strength  of  the  left  arm,  possibly  also  of  the  leg.  Clonic  muscular  move- 
ments, limited  to  the  left  hand  and  forearm,  appear  at  long  intervals.  The  eggs  of  the 
H.  nana  are  present  in  the  feces.  Extract  of  male  fern  was  administered,  and, 
although  no  worms  were  seen  in  the  stools,  all  the  symptoms  disappeared  very 
shortly. 

Piedmont,  Italy,  1886-18S7 1 case. 

Case  Xo.  44. — At  a meeting  of  the  Academy  of  Medicine  of  Turiji,  Perroxxito 
(1887)  reported  the  first  occurrence  of  a case  of  Hymenolepis  nana  in  Piedmont,  com- 
municated by  Doctor  Airoldi,  and  later  (1891)  gave  a fuller  account. 

The  patient  M as  a male,  19  years  old,  peasant,  of  robust  constitution,  and  up  to 
the  age  of  14  or  15  had  not  been  ill,  M'ith  the  exception  of  an  occasional  abdominal 
pain  during  childhood.  He  had  a doubtful  case  of  typhoid  fever,  lasting  a M'eek,  in 
the  Fall  of  1885. 
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At  the  time  of  examination,  January,  1887,  the  patient  complained  of  headache, 
sense  of  fatigue  in  the  lower  limbs,  numbness  in  the  lumbar  region,  and  malaise, 
more  pronounced  after  the  least  exertion.  Slight  pains  in  the  joints  were  attributed 
to  the  irregular  life  which  the  boy  had  led  between  the  age  of  13  and  15,  when  he 
wandered  about  in  the  Helds  in  all  sorts  of  weather,  hunting  for  birds.  For  two  years 
he  had  experienced  frequent  attacks  of  vertigo,  and  losses  of  consciousness  lasting 
about  a minute.  The  physical  examination  showed  no  abnormalities.  The  feces 
contained  numerous  eggs  of  Hiimenolepis  nana. 

After  treatment  the  patient  passed  a large  number  of  worms,  and  the  symptoms 
rapidly  subsided.  In  December,  1888,  he  was  in  perfect  health,  and  more  recently, 
according  to  his  father,  was  still  entirely  well,  with  no  return  of  his  former  trouble. 

Sommariva  del  Bosco,  near  Turin,  Italy,  188Y-1888  1 case. 

Case  No.  45. — Perkoncito  & Airoldi  (1888  a,  b,  c)  report  the  case  of  a boy  of  6 
years.  Two  years  before  he  came  under  observation  he  had  suffered  from  an  attack  of 
typhoid  fever  at  Turin,  and  during  convalescence  was  sent  to  the  country  and  placed 
on  a raw-meat  diet.  Soon  afterwards  he  began  to  pass  segments  of  Tsenia  saginata. 
He  also  suffered  from  headache,  abdominal  pain,  lack  of  appetite,  and  frequent 
vomiting,  the  symptoms  altogether  indicative  of  gastro-enteric  and  nervous  disturb- 
ances due  to  helminthiasis.  The  case  was  seen  for  the  first  time  in  November,  1887, 
when  the  feces  were  found  to  contain  eggs  of  Tsenia  saginata  and  large  numbers  of 
the  eggs  of  Hymenolepis  nana.  A dose  of  4 grams  of  ethereal  extract  of  male  fern  was 
administered,  most  of  which  was  vomited;  a number  of  pieces,  however,  of  Tsenia 
saginata  and  about  1,000  Hymenolepis  nana  were  passed. 

On  May  24,  1888,  the  case  was  again  examined.  According  to  his  parents  the  boy 
was  often  ill,  with  frequent  pains  in  head  and  abdomen,  lacked  appetite,  and  vomited 
frequently.  The  patient  appeared  rather  more  pale  than  at  the  former  examination. 
The  stools,  as  before,  contained  eggs  of  Hymenolepis  nana  and  of  Tsenia  saginata.  A 
purge  was  given  the  24th,  and  several  pieces  of  T.  saginata  were  passed.  The  next 
day  the  boy  was  placed  on  special  diet,  and  another  purgative  administered  that 
evening.  On  the  morning  of  the  26th  he  was  given  6 grams  of  ethereal  extract  of  male 
fern,  and  in  an  hour  and  a quarter  afterwards  15  grams  of  castor  oil.  (Some  of  the 
male  fern  was  vomited  three-quarters  of  an  hour  after  administration).  At  about 
noon  the  evacuations  began;  a Tsenia  saginata  about  4.5  meters  long  and  more  than 
Hymenolepis  nana  were  passed. 

Tuscany,  Italy,  1889-1895  5 cases. 

SoNsiNo  (1889,  1891,  1895a)  has  reported  5 cases  of  Hymenolepis  nana  from  the 
neighborhood  of  Pisa. 

Case  No.  46- — In  October,  1889,  the  feces  of  a 9-year-old  girl  from  the  Comune  di 
Cascina,  who  had  been  suspected  of  uncinariasis,  were  sent  to  Sonsino  for  examina- 
tion. Eggs  of  Hyynenolepis,  but  none  of  Agchylostoma,  were  found.  The  girl  died 
shortly  afterwards  of  a febrile  malady  (Sonsino,  1889,  1891). 

Case  No.  47. — The  second  case  (Sonsino,  1889,  1891),  which  was  that  of  a man 
from  Pisa,  likewise  suspected  of  uncinariasis,  was  seen  in  the  same  month. 
Ethereal  extract  of  male  fern  gave  no  apparent  results.  The  man  was  afterwards 
treated  with  thymol,  some  Agchylostoma  were  passed,  but  he  continued  to  suffer 
from  gastro-enteric  troubles.  As  late  as  April,  1890,  his  feces  still  contained 
eggs  of  Hymenolepis,  but  less  in  number  than  at  first.  This  patient  was  again  exam- 
ined five  years  later  (Sonsino,  1895),  and  eggs  of  Agchylostoma,  evidently  from  a new 
infection,  were  found  in  large  numbers,  but  none  at  all  of  Hymenolepis  nana. 

Case  No.  48. — A 7-year-old  girl  from  a family  of  brickmakers  of  the  same  locality 
as  that  of  the  first  case, (Comune  di  Cascina)  was  brought  in  April,  1891,  to  Sonsino 
(1891,  1895a),  to  be  treated  for  possible  uncinariasis.  The  parents  of  the  child  were 
strong  and  healthy;  during  the  first  two  years  of  her  life  the  child  herself  was  per- 


fectly  well,  but  after  that  began  exhibiting  evidences  of  a perverted  appetite,  and 
would  eat  mud.  pla.^ter,  charcoal,  and  even  feces  of  animals.  Her  health  suffered 
and  she  grew  pale.  At  about  the  age  of  6,  consequent  upon  a change  of  habitation 
to  a spot  where  she  no  longer  had  so  many  opportunities  of  satisfying  her  deprave<l 
appetite,  and  where  she  could  be  watched  more  closely,  she  was  cured  of  the  liabit. 
Her  physical  condition  did  not  improve,  however,  and  she  continued  to  l^e  subject 
to  fatigue,  cardiac  palpitations,  and  dyspnea.  Her  appetite  was,  if  anything,  greater 
than  normal,  and  she  suttered  from  frequent  indigestion. 

On  examination  the  patient  appeared  somewhat  cachectic,  due  rather  to  the  waxy 
appearance  of  the  skin  than  to  any  actual  emaciation.  The  lungs,  heart,  liver, 
spleen,  and  kidneys  were  normal;  the  abdomen  was  not  painful  on  palpation,  but 
•ligestion  was  difficult,  with  frequent  acid  eructations.  The  patient  often  complained 
of  transient  pains  in  the  body  and  limbs.  The  cervical  glands  were  slightly  enlarged 
and  the  voice  was  rather  hoarse.  Fecal  exammations  showed  neither  eggs  of  Agclnj- 
lo.?toma  nor  of  0.v>/uris.  Occasional  eggs  of  Tnchurh  and  some  of  Hacerf.s-,  and  one  or 
tM'o  per  slide  of  Rymenolepis  nano,  were  found.  Treatment  with  santonin  and  castor 
oil  expelled  several  O.vguris.  The  next  morning  after  this  treatment  extract  of  male 
fern  and  calomel  were  administered.  In  the  first  three  of  the  five  stools  which 
followed  during  the  day,  Oryurh  and  more  than  UK)  H.  no,, a were  passe<l,  while  in 
the  last  two  only  Oxyuris  Avere  expelled. 

Notwithstanding  the  apparent  success  of  the  treatment  the  patient  became  no 
lietter.  Fggs  of  Hyrnenolepis  were  no  longer  present  in  the  feces,  but  Ascaris  and 
Tricharis  eggs  were  still  to  be  found.  Treatment  was  again  instituted,  and  Oxy>n-'i.< 
and  Ascaris  were  passed,  but  neither  Hyrnenolepis  nor  Trichuris. 

Several  months  later,  in  November.  1891,  Soxsixo  (1895a)  again  examined  the 
feces  of  this  patient,  and  found  the  eggs  of  Hymenolxpis  more  numerous  than  before. 
Electuaries  of  male  fern  and  calomel  were  administered  twice  and  vomited  each 
time.  The  second  time  some  of  the  dose  undoubtedly  took  effect,  as  about  2o0 
H.  nana  in  fragments  were  expelled.  A third  do.^e  a few  days  later  expelled  about 
15  H.  nana,  and  a large  number  of  O.ryuris. 

In  January,  1894,  the  feces  were  free  from  Hymenolejfis  eggs,  but  contained  those  of 
Ascaris.  Tricharis,  and  AgchyJoslorna.  After  two  treatments  with  santonin  and  thymol 
a couple  of  male  Agchylostomn  Avere  expelled. 

Finally,  in  51ay,  1895,  the  feces  AA'ere  free  from  eggs  of  parasites,  except  a fe\A’  of 
Trirhuris,  and  the  patient  A\as  in  a state  of  comparatiA-e  health,  considering  her 
scrofulous  constitution. 

Case  Xo.  49. — The  fourth  case  t,  Soxsixo,  1895a  i,  first  obser\'ed  in  October,  1892,  Avas 
a boy,  23  months  old,  from  a family  of  l>rickmakers  of  the  same  locality  as  that  of 
the  first  and  third  cases.  Seven  meml)ers  of  the  family  had  had  uncinariasis.  The 
child’s  feces  contained  large  numl)ers  of  Hymenoleihs  eggs,  but  none  of  any  other 
parasite.  Until  the  age  of  8 months,  mother's  milk  had  been  his  only  food,  and  up 
to  that  time  he  remained  perfectly  Avell.  He  then  began  to  eat  other  food  also,  and 
likeAvise  to  suffer  from  lienteric  diarrhea,  AA'ith  frequent  vomiting  and  motor  disor- 
ders, such  as  shivering,  biting  the  lips,  gritting  the  teeth,  strabismus,  and  an  almost 
continuous  automatic  lateral  movement  of  the  head  of  the  nature  of  a clonic  par- 
tial spasm  (spasmus  nutans),  referable  to  a lesion  or  functional  disorder  of  the  spinal 
accessory  iierA’e.  The  lx)y  Avas  weaned  entirely  an<l  his  symptoms  gradually  became 
Avoi*se. 

When  .'^een  by  Sonsino  the  patient  exhibite<l  the  motor  disorders  noted  alHjve, 
complained  also  of  pains  in  the  abdomen  and  head;  his  nose  itched  A'ery  often.  an<l 
he  AA'as  suffering  from  an  intense  intestinal  catarrh.  The  abdomen  AA  as  fiatulent,  but 
not  sensitiAC  to  pressure.  There  AA'as  some  fever,  and  the  patient  Avas  inclined  to 
be  droAAsy. 

On  October  27,  after  treatment  A\  ith  male  fern  suspended  in  mucilage,  and  calo- 
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inel,  about  1,000  If.  nana  wen*  passed.  The  next  day  the  boy  had  improved,  the 
fever  had  sui^sided,  and  the  intestinal  and  motor  troubles  showed  signs  of  dimin- 
ishing. 

When  seen  on  December  11,  the  patient  had  gained  tlesli  And  color,  but  the  diar- 
rhea had  returned.  Hijmenoleph  eggs  were  again  present  in  the  feces.  On  December 
19,  male  fern  was  administered  and  over  120  worms  were  passed. 

On  January  22,  1893,  eggs  were  again  found,  and  after  another  dose  of  male  fern, 
from  a portion  of  the  evacuations  following  200  worms  were  collected. 

Three  months  later  the  boy  was  feeling  fairly  well.  He  had  no  diarrhea,  and 
slept  well,  but  there  was  still  some  lateral  movement  of  the  head.  Eggs  were  found 
in  the  feces  at  this  time,  but  no  repetition  of  the  treatment  was  attempted. 

In  June  of  the  next  year  the  patient  was  seen  again.  He  was  well  nourished, 
lively,  and  intelligent,  but,  although  in  good  condition,  was  not  entirely  cured  of  his 
former  trouble.  The  strabismus  was  still  present,  and  the  lateral  movement  of  the 
head  still  occurred,  but  only  at  intervals.  For  some  days  he  had  been  suffering 
again  from  diarrhea.  Two  months  before  also  he  had  had  an  attack  of  abdominal  pain 
with  fever,  which  lasted  two  days.  The  feces  contained  eggs  of  Hymenolepls  ami 
Trichuriii.  After  treatment  with  male  fern  and  calomel,  about  100  Ihimeiioleph  were 
passed. 

At  an  examination  made  about  one  year  later,  the  feces  were  found  entirely  free 
from  Hijmenolepis  eggs,  but  containing  an  abundance  of  Ascarls  eggs.  The  clonic 
spasms  of  the  neck  still  continued,  due  perhaps  to  the  reflex  irritation  from  the 
Aficaris. 

Case  Xo.  50. — Rossini,  of  Pisa,  treated  a well-to-do  young  man,  20  years  old,  from 
Pescia,  near  Pi.sa,  for  Tsenki.  Besides  a Tienia  saginafa,  about  1,000  Hymenolepis  uaua 
were  passed  as  a result  of  the  treatment,  and  the  specimens  were  referred  by  Rossini 
to  Soxsixo  (1895a)  for  determination.  An  anamnesis  of  this  case  could  not  l)e 
procured. 

St.  Petersburg,  Russia,  ISliO 1 ca.se. 

Case  Xo.  51. — In  1890  Professor  Af.\xasyeff,  according  to  Gi  seff  (1892a,  1893a), 
found  a case  of  Hymenolepis  aana  at  St.  Petersburg. 

Moscow,  Russia,  1892 1 case. 

Case  Xo.  52. — Guseff  (1892a,  1893a)  reports  a case  of  Hymenolepis  nana  in  a child 
1^  years  old  at  ^Moscow.  About  200  worms  were  passed  after  treatment.  This  case 
is  also  mentioned  by  Zograf  (1893). 

Cologne,  Germany,  1892 case. 

Case  Xo.  5S. — The  first  case  of  infection  with  Hymenolepis  nana  in  Germany  was 
reported  from  the  Biirger-Hospital,  at  Cologne,  by  Leichtexsterx  (1892),  and  more 
at  length  by  Mertexs  (1892). 

A boy  6 years  old  was  brought  to  the  hospital  in  ]\Iarch,  1892,  to  be  treated  for 
O.ryuris.  According  to  his  mother  he  picked  at  his  nose  a great  deal,  had  never 
shown,  however,  any  symptoms  of  intestinal  disorder,  nor  had  he  ever  suffered 
from  any  nervous  affection.  Examination  showed  the  patient  healthy  in  every 
respect.  Feces  were  normal  in  color  and  consistency,  with  an  occasional  Oxyuris, 
and  eggs  of  Hymenolepis  nana.  Santonin  was  administered  for  3 days  in  doses  of 
0.025  grams  daily.  Oxyuris  were  passed,  but  no  tapeworms.  Five  grams  of  male 
fern  in  2 doses,  followed  by  salts,  were  then  tried,  and  300  to  350  Hymenolepis  were 
passed.  The  patient  experienced  no  bad  effects  from  the  treatment  and  left  the 
hospital  ill  a day  or  two.  Eggs  were  not  present  in  the  feces  until  after  a lapse  of 
about  15  days,  when  they  reappeared.  In  May  the  boy  returned  to  the  hospital. 
A number  of  enumerations  gave  a result  of  6,400  eggs  to  1 cc.  of  feces.  Three  doses 
of  male  fern,  2.5  grams  each)  followed  by  salts,  were  administered,  and  305  worms 
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were  passed.  An  hour  or  two  after  the  last  dose  the  child  became  very  restless,  and 
cried  on  account  of  pain  in  the  abdomen.  The  abdomen  was  hard  and  tense,  but 
not  swollen;  the  legs  were  doubled  up.  Severe  and  repeated  vomiting  occurred. 
The  first  and  second  vomit!  had  the  characteristic  odor  of  male  fern.  The  abdominal 
pains  ceased  in  the  afternoon,  but  the  vomiting  continued  until  late  in  the  night. 
On  the  13th  day  eggs  again  appeared  in  the  feces.  On  the  20th  day  there  were 
1,500  eggs  in  1 cc.  of  feces.  In  June  thymol  was  tried,  but  no  worms  were  passed, 
and  the  eggs  continued  present  in  the  same  number.  Three  days  later  8 grams  of 
male  fern  in  3 doses,  which  were  well  borne,  were  administered,  and  70  worms  were 
passed.  On  the  14th  day  eggs  again  appeared. 

Numerous  Oxyuris  were  expelled  at  each  treatment.  Charcot-Robin  crystals  were 
not  present  in  the  feces. 

Naples,  Italy,  1892-1896  ...  ^4  cases. 

Out  of  73  children,  aged  from  1 month  to  12  years,  examined  in  the  pediatric 
hospital  at  Naples,  Cima  (1893a,  1896a,  1896b)  reports  34  cases  of  helminthiasis,  4 of 
which  were  infections  with  Hymenolepis  nana. 

Case  Xo.  55  (Cima’s  Case  33). — Boy,  aged  8 years,  from  the  city,  showed  a slight 
trace  of  rachitis.  Feces  contained  eggs  of  H.  nana.  During  a single  day’s  stay  at 
the  hospital  he  gave  no  signs  of  disturbances  which  could  be  traced  to  the  action  of 
parasites. 

Case  Xo.  55  (Cima’s  Case  56). — Boy,  7 years,  from  the  city,  chronic  intestinal 
catarrh.  He  was  brought  to  the  hospital  on  two  occasions.  According  to  his  father, 
the  boy  had  suffered  for  two  years  with  a bloody  diarrhea,  and  had  grown  thin  and 
pale.  “Feces  showed  elements  common  to  those  of  anemic  patients,”  and  eggs  of 
Hymenolepis  nana  were  observed  in  every  j^reparation.  Rectal  injections  of  boric 
and  tannic  acids  were  prescribed,  with  what  effect  is  not  known  as  the  patient  was 
not  seen  again. 

Case  Xo.  57  (Cima’s  Case  65). — Girl,  10  years,  from  the  city,  with  nervous  disturb- 
ances. Fifteen  days  before  entering  the  hospital  the  patient  began  to  experience 
difficulty  in  walking,  and  in  four  or  five  days  the  trouble  became  so  pronounced 
that  she  was  not  able  to  leave  her  bed;  at  night  she  complained  of  pains  in  the 
shoulders,  loins,  and  legs.  The  pains  diminished  after  a few  days  but  an  uncertainty 
in  the  gait  remained,  together  with  a sensation  of  formication  and  itching  of  the 
trunk,  especially  in  the  mammarv  region.  No  disturbances  in  the  movements  of  the 
hands  or  arms  were  observed.  The  gait  resembled  that  of  ataxic  or  choreic  subjects. 
The  left  leg  dragged  a little  also.  When  the  eyes  were  closed,  the  gait  became  more 
incoordinated,  she  often  tottered,  and  would  fall  if  not  supported.  There  were  no 
pains  in  the  spine  or  legs,  the  general  sensibility  and  special  senses  were  intact; 
patellar  reflexes  were  a little  exaggerated;  electrical  tests  showed  nothing  abnormal. 
The  symptoms  could  not  be  assigned  to  any  known  clinical  type,  and  rest  and  a 
hygienic  diet  were  prescribed.  In  a day  or  two  the  symptoms  ameliorated, 
the  left  leg  was  no  longer  dragged;  blindfolded,  she  still  walked  badly,  with  a 
tendency  to  turn  to  the  right.  On  the  fourth  day  she  was  able  to  walk  more  freely 
with  the  eyes  covered,  and  in  a few  days  more  the  gait  became  entirely  normal. 
During  her  stay  at  the  hospital  the  girl  passed  about  75  grams  of  feces,  3 to  4 times 
per  day.  Since  every  microscopic  preparation  of  less  than  1 mg.  of  feces  contained 
2 or  3 eggs  of  Hymenolepis  nana,  an  enormous  number  of  parasites  must  necessarily 
have  been  present.  Some  Tric/utri.s  eggs  were  also  present.  No  special  anthelmintic 
treatment  was  attempted.  Cima  thought  it  very  likely  that  the  nervous  disturb- 
ances were  to  be  attributed  to  the  excitation  of  the  intestinal  sympathetic  plexus 
from  the  irritation  set  up  by  the  heads  of  the  parasites  embedded  in  the  mucosa. 

Case  Xo.  57  (Cima’s  Case  67). — Boy,  3 years,  from  the  city,  abdominal  tubercu- 
losis. This  case  was  a typical  one  of  abdominal  tuberculosis,  from  which  death 
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finally  occurred.  Eggs  of  .i.scurf.s,  Trichiirh,  and  ILjmenolepis  nana  were  present  in 
the  feces. 

In  none  of  the  above  four  cases  were  Charcot-Robin  crystals  found  in  the  feces. 

Catania,  Sicily,  1895  23  cases. 

Cases  Xos.  58  to  80. — Venuti  (1895)  (referred  toby  Massari,  1898,  p.  213)  observed 
in  the  Reale  Ospizio  di  beneficenza  di  Catania,  23  cases  of  Hymenolepis  nana  in  214 
boys  examined.  Most  of  these  cases  harbored  a considerable  number  of  worms, 
while  in  100  boys  of  the  general  population  belonging  to  diverse  classes  and  in  widely 
differing  conditions  of  life  he  could  not  find  a single  case.  The  lack  of  cleanliness 
among  the  inmates,  the  intimate  association  of  some  of  those  affected  with  worms, 
the  appearance  of  subjective  disturbances  in  others  after  they  had  been  in  the 
institution  a certain  length  of  time,  ceasing  rapidly  after  the  expulsion  of  the  para- 
sites, were  circumstances  which  Venuti  considered  indicative  of  the  occurrence  of  a 
direct  contagion  of  endemic  character. 

Cologne  ?,  Germany,  between  1892  and  1896 1 case. 

Case  Xo.  81. — Huber  (1896a,  p.  573) , upon  the  basis  of  a personal  letter  from  Leich- 
tenstern,  records  a case  of  Hymenolepis  nana  in  Germany.  A boy  7 years  old,  suf- 
fered Ij  years  from  nocturnal  enuresis,  which  disappeared  after  the  evacuation  of 
the  parasites. 

Cologne,  Germany,  1891 1 case. 

Case  Xo.  82. — In  a table  of  cases  of  helminthiasis.  Bucklers  (1894a)  records  the  case 
of  a girl,  7 years  old,  in  whose  feces  a few  eggs  of  Hymenolepis  nana  were  present. 
Charcot-Robin  crystals  were  absent.  Blood  examinations  showed  eosinophile  cells, 
7 per  cent;  polynuclear,  42  per  cent;  mononuclear,  42  per  cent;  transition  forms,  9 
per  cent. 

Rome,  Italy,  1896  1 case. 

Case  Xo.  83. — Massari  (1896,  1898,  p.  212)  in  1896  determined  the  presence  of 
Hymenolepis  nana  in  Rome  by  finding  the  eggs  in  the  feces  of  a little  girl  7 years  of 
age. 

[?  Catania,  Sicily],  Italy 2 cases. 

Case  Xo.  84. — Galvagxo  (?date)  found  numerous  Hymenolepis  nana  in  one  of  his 
little  girls  (referred  to  by  Massari,  1898,  p.  213). 

Case  Xo.  85. — Feletti  (Massari,  1898,  p.  213)  found  one  of  his  little  girls  infected 
with  Hymenolepis  nana. 

Cologne  and  Bonn,  Germany,  1897-98  1 case. 

Case  Xo.  86. — The  case  of  a little  girl  years  old  is  reported  by  Roder  (1899) 
from  the  medical  clinic  at  Bonn. 

The  child  is  well  nourished,  the  mucous  membranes  are  perhaps  somewhat  paler 
than  usual.  The  bowels  are  regular,  and  there  is  no  apparent  organic  trouble. 
Until  4 months  before,  she  had  lived  in  Cologne.  At  13  months  she  suffered  from 
intestinal  catarrh  and  cankered  mouth,  at  18  months  passed  an  Ascaris,  and  at  2 
years  had  measles.  After  this  she  became  pale,  her  appetite  diminished,  she  grew 
dull  and  drowsy,  blue  rings  appeared  under  the  eyes,  and  she  picked  at  the  nose. 
Anthelmintics  were  administered,  but  no  worms  were  seen. 

The  patient  was  brought  to  the  hospital  and  placed  under  anthelmintic  treatment, 
August  19,  1897.  Three  0.05  gram  doses  of  calomel  were  given  and  the  next  morn- 
ing, after  80  grams  of  milk,  2.5  grams  of  ethereal  extract  of  male  fern,  followed  by  a 
purge  of  castor  oil,  were  given.  In  the  stool  which  resulted,  numerous  eggs  of 
Ascaris  and  eggs  of  Hymenolepis  nana  (3  to  4 in  each  preparation) , but  no  worms 
were  found.  For  several  days  following,  eggs  of  Ascaris,  but  none  of  Hymenolepis, 
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were  present  in  the  feces.  On  September  1,  Hymenolepis  eggs  were  again  numerous. 
The  next  day  three  0.05  gram  doses  of  santonin  were  given  an  hour  apart,  followed 
hy  castor  oil,  hut  neither  Ihirnenolepis  nor  Ascaris  was  found  in  the  passages.  Hymen- 
olepis eggs  were  not  found  again  up  to  the  time  the  child  was  removed  from  The  hos- 
pital on  the  9th  of  September.  In  December  an  examination  of  feces  from  the 
cliild  showed  numerous  Ascaris  eggs,  and  an  average  of  one  Hymenolepis  egg  in  each 
preparation. 

The  child  was  returned  to  the  hospital  March  15,  1898.  At  that  time  she  was  in 
poor  physical  condition.  She  was  suffering  from  conjunctivitis,  scrofular  keratitis, 
rhinitis,  eczema  of  the  scalp,  with  glandular  swellings  in  the  neck,  axilla,  and  groin. 
Pulse  was  120.  The  feces  as  before  contained  eggs  of  Ascaris  and  Hymenolepis. 
During  the  afternoon  of  the  18th  two  teaspoonfuls  of  castor  oil  were  administered, 
which  had  no  effect.  The  next  morning  a tapeworm  remedy  ( Bandwurmtritol 
Ilelfenberg),  in  a dose  equivalent  to  5 grams  extract  of  male  fern,  was  given,  followed 
in  half  an  hour  by  two  teaspoonfuls  of  castor  oil.  Some  of  the  remedy  was  thrown 
up,  but  4 grams  more  of  the  extract  (in  the  same  preparation)  was  given  with  the 
oil.  Three-quarters  of  an  hour  later  an  enema  of  10  grams  of  glycerin  was  also  given. 
In  the  stools  which  followed  no  worms,  but  only  eggs  of  Ascaris  and  Hymenolepis, 
were  to  be  found. 

Nine  months  later,  in  December,  the  stools  were  examined  and  found  entirely  free 
fr<^m  eggs. 

Bearing  in  mind  the  possibility  of  infection  from  infested  rats  or  mice,  Roder 
examined  t^vo  of  the  houses  at  Cologne  in  which  the  patient  had  lived,  and  found 
them  free  from  rats.  Several  examples  of  mice  which  were  caught  there  contained 
no  Avorms.  The  new  abattoir  of  Cologne  Avas  also  free  from  rats. 

Moscow,  Russia,  1000 1 case. 

Case  Xo.  87. — A curious  case,  possibly  of  Hymenolepis  nana,  has  been  reported  by 
pREDTpmscHEXSKY  (1900)  froiii  the  propjedeutic  clinic  of  Moscoav  University. 

The  patient  Avas  a female,  38  years  old,  Avife  of  an  officer,  and  had  neA'er  been  in 
the  Tropics.  She  Avas  suffering  from  chyluria  of  some  16  years  standing.  In  one  of 
the  numerous  microscopic  preparations  Avhich  Avere  made  of  the  urine  sediment 
there  Avere  found  about  10  specimens  of  Avhat  appeared  to  be  cestode  eggs,  resem- 
bling in  size  and  structure  those  of  Hymenolepis  nana.  These  bodies  Avere  round  Avith 
a laminated  capsule  and  Avere  so  transparent  that  the  six  hooks,  characteristic  of 
cestode  embryos,  Avere  clearly  distinguishable  under  an  immersion  lens.  In  size  the 
e^^gs  measured  20  to  25  p.  In  no  other  preparation  AA'ere  the  eggs  seen.  Accidental 
contamination  seemed,  a priori,  very  evident,  and  since  the  vessel  in  which  the 
ui’ine  had  been  collected  had  been  carefully  cleaned  Avith  boiled  Avater,  suspicion 
Avas  directed  toAvard  the  feces  of  the  patient,  Avhich  Avere  examined  se\'eral  times,  l)ut 
ahvays  Avithout  the  discovery  of  any  tapeAVorm  eggs.  The  riddle  therefore  remained 
unsoh’ed.  The  remarkable  coincidence  of  the  eggs  of  the  rare  parasite  H.  nana,  and 
the  rare  disease,  non-tropical  chyluria,  AA'as  commented  upon  by  the  author.  He 
further  cites  the  instance  of  a case  of  chyluria  in  Madagascar,  obserA’ed  by  Doctor 
Ollivier,  in  the  analysis  of  Avhich  M.  Bordier  is  said  to  haA’e  demonstrated  the  pres- 
ence of  Davainea  )nadagascanensis  in  the  kidneys,  and  considers  it  possible  that 
Hymenolepis  nana  may  also  settle  in  the  urinary  organs  and  give  rise  to  a true 
chyluria. 

There  are  a numljer  of  possibilities  in  connection  Avith  this  case:  First,  that  the 
eggs  Avere  passed  in  the  urine;  second,  that  they  came  from  the  feces  of  the  patient; 
third,  that  they  Avere  from  the  feces  of  another  person,  or  that  they  AA'ere  eggs  resem- 
bling the  eggs  of  Hymenolepis  nana  from  a tapeAA'orm  of  some  animal,  bird,  rat.,  etc., 
and  came  by  some  fortuitous  circumstance  into  the  preparation. 

There  are  tAVO  objections  to  the  first  possibility,  namely,  the  unusual  occurrence  of 
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cestode  eggs  in  the  urine,  and  the  fa.et  that  they  were  found  in  but  one  preparation, 
so  that  this  possibility  remains  very  improbable,  notwithstanding  the  attendant  chy- 
hiria.  The  second  possibility  is  quite  probable,  since  the  eggs  of  Hijmenolepis  nana 
uot  only  are  often  difficult  to  find,  but  frequently  disappear  spontaneously  from  the  feces 
and  later  recur  again,  so  that  even  a large  number  of  examinations  might  fail  to  dis- 
close the  presence  of  the  parasite.  Even  the  most  extreme  care  in  technique  is 
insufficient  to  entirely  exclude  the  last-named  possibility. 

The  authenticity  of  this  case  is  therefore  extremely  doubtful. 

ASIA. 

Siam,  1892,  1 case. 

Case  Xo.  88. — lu  Septeml)er,  1892,  R.vsch  (1894)  was  consulted  by  a native  girl,  7 
5'ears  of  age.  The  patient  had  suffered  for  a long  time  with  sleeplessness.  There  was 
no  organic  trouble.  She  was  constipated,  so  that  cathartics  were  frequently  neces- 
sary. Vomiting  was  of  common  occurrence,  especially  in  the  morning,  which  was 
not  due  to  overeating,  as  she  had  but  little  appetite.  The  stools  were  usually  mixed 
with  copious  quantities  of  mucus.  Temperature,  pulse,  heart,  lungs,  abdomen  were 
normal.  The  patient  appeared  somewhat  i>ale  and  anemic,  and  blue  rings  were 
often  present  under  the  eyes.  Her  general  physical  condition  was  fairly  good.  An 
examination  of  her  feces  showed  the  eggs  of  Hiimenolepis  rama,  larval  nematodes 
['?  Strong i/loides  ste.rcoralis']  and  a female  Oxguris  verrmcularis.  After  treatment  with 
male  fern,  50  to  80  specimens  of  Hijmenolep'n<  nana  were  isolated  from  the  stool. 

Tokyo,  Japan,  1895 2 case.s. 

('ases  Xos.  89  and  90. — Miura  & Yamazaki  (1897)  report  two  eases  from  .Japan. 

The  first  case  was  that  of  a l)oy  of  5 years,  who  had  been  received  in  1893  at  the 
poorhouse  with  his  mother.  In  June,  1895,  he  became  ill  of  a fever,  with  enlarge- 
ment of  the  liver  and  spleen.  The  feces  contained  eggs  of  O.vyuris,  Trichuris,  and 
irgmenolepis,  but  the  patient  showed  no  reflex  nervous  symptoms  which  might  be 
traced  to  helminthiasis.  When  the  fever  had  improved  somewhat  the  boy  was  dosed 
with  a decoction  of  pomegranate,  followed  by  castor  oil.  Many  O.ninrls  were 
])assed,  but  no  Ilginenolejns.  Two  days  later,  besides  the  pomegranate  decoction 
and  oil,  male  fern  was  also  administered.  A large  number  of  ITgmmolepis  were 
]^assed,  of  which  over  150  were  isolated.  After  three  weeks  the  eggs  again  appeared 
in  the  feces,  and  15  more  tapeworms  were  passed  after  doses  of  male  fern  and  salts. 

Case  Xa.  90. — The  second  case,  also  observed  in  1895,  was  a foundling,  girl, 
aged  5 years,  who  had  entered  the  poorhouse  the  year  before.  After  a while  she 
became  thin  and  anemic,  suffered  from  irregular  attacks  of  remittent  fever  and 
diarrhea.  Examination  of  the  thoracic  and  abdominal  organs  gave  mostly  negative 
results;  the  abdomen  was  rather  sensitive  to  pressure.  The  eggs  of  Trichuris, 
O.ryuris,  Ascaris,  Agchylostoma,  and  Hyrnenolepis  were  found  in  the  feces.  Hookworm 
eggs  were  seen  only  after  60  preparations  were  examined,  and  those  of  Hymenolepis 
only  after  70  preparations.  After  treatment  with  pomegranate  and  male  fern,  two 
specimens  of  Hyrnenolepisi  nana  were  passed. 

AMERICA.® 

Philadelphia,  Pa.,  1872 1 case. 

Case  Xo.  91. — Spooxer  (1873a,  b),  on  September  3, 1872,  presented  to  the  College 
of  Physicians  of  Philadelphia  some  specimens  cf  Hymenolepis  nana  from  the  first 
case  observed  in  America.  They  were  passed  by  a young  man  who  had  symptoms 
of  general  debility,  occasional  colicky  attacks,  diarrhea,  severe  frontal  headache, 
disturbance  of  vision,  with  slight  febrile  exacerbations,  occurring  at  irregular  inter- 


«See  also  footnote,  p.  7. 
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yals  during  the  two  weeks  preceding  the  above  date.  Up  to  the  time  of  the  report 
no  marked  emaciation  had  occurred;  the  appetite  was  less  fitful,  and  the  vision  more 
perfect,  but  the  pain  in  the  head  had  not  much  abated. 

Buenos  Ayres,  Argentina,  1886  ? 1 case. 

Case  Xo.  92. — According  to  0.  Wernicke  (1890,  p.  351),  Dr.  Roberto  Wernicke,  in 
1886,  observed  in  the  feces  of  a little  girl  cestode  eggs,  which  he  was  unable  to 
identify  as  belonging  to  any  species  known  to  him.  He  administered  a vermifuge, 
but  did  not  succeed  in  finding  any  worms.  After  seeing  the  eggs  fromO.  Wernicke’s 
case  (1890),  Dr.  R.  Wernicke  expressed  the  opinion  that  the  eggs  found  by  him  in 
1886  were  of  the  same  species. 

Buenos  Ayres,  Argentina,  1890 1 case. 

Case  Xo.  93. — Wernicke  (1890)  found  30  to  4:0  specimens  ot  IlyrnenolejJis  nana  in 
the  intestine,  at  the  autopsy  of  an  Argentine  sailor,  aged  28  years,  who  had  died  of 
pulmonary  tuberculosis.  This  ease  was  also  reported  and  the  specific  determination 
confirmed  by  Blanchard  (1891a). 

Sao  Paulo,  Brazil,  1893-1894: 2 cases. 

Lutz  (1894)  rej:>orts  two  cases  of  Hymenolepis  nana,  also  a case  of  HymenoJepis  dim- 
inuta.  (Seep.  98. ) 

Case  Xo.  94- — The  first  case  was  that  of  a 2 J-y ear-old  girl  who  had  shown  symptoms 
of  neiAmus  and  intestinal  troubles  for  about  a year.  Several  times  she  suffered  from 
irregular  attacks  of  fever,  and  showed  other  symptoms  common  to  the  teething  period. 
Ascarids  were  passed  on  several  occasions.  During  one  of  the  attacks  of  fever  the 
feces  were  examined;  encysted  flagellates  and  eggs  of  Trichiiris  and  of  Hymenolepis 
nana  were  found.  After  the  fever  had  subsided,  a treatment  with  ethereal  extract  of 
male  fern  resulted  negatively.  A second  attempt  was  made  with  freshly  obtained 
extract  in  three  doses  of  0.3  gram  each  at  intervals  of  two  hours,  and  in  the  stool  after 
the  first  dose  5 strobilse,  without  recognizable  heads,  were  obtained.  There  was  a 
slight  improvement  for  a while,  but  the  former  symptoms  of  abdominal  pain,  diar- 
rhea, restless  sleep,  and  jiained  expression  of  countenance,  soon  returned.  Male 
fern  was  again  administered  in  a 3-gram  dose,  and  about  100  Hymenolepis,  15  of 
them  with  heads,  and  2 female  Tnchuris  were  expelled.  Two  weeks  later  the  child 
"was  much  improved,  but  not  entirely  well. 

Case  Xo.  95. — The  second  case  was  a 4-year-old  girl,  born  in  Sao  Paulo,  of  foreign 
parents.  She  had  suffered  for  two  years  with  continual  diarrhea  and  intermittent 
attacks  of  fever.  Carefully  regulated  diet  and  treatment  in  Europe,  had  had  no 
ameliorating  effect.  There  were  symptoms  of  perverted  appetite,  eating  of  plaster 
from  the  wall,  etc.,  while  the  nervous  symptoms  were  little  pronounced.  Contrary 
to  what  one  would  expect  from  the  length  of  time  the  trouble  had  lasted,  the  nutri- 
tion had  not  suffered  to  an  appreciable  extent,  a circumstance  due  perhaps  to  the 
care  which  the  girl  had  received.  After  the  discovery  of  eggs  of  Hymenolepis  nana 
in  the  feces  4 grams  of  ethereal  extract  of  male  fern  in  emulsion  were  administered, 
and  two  passages  containing  an  enormous  number  of  worms  occurred.  In  an  incom- 
plete enumeration,  over  2,000  individuals  were  counted,  of  which  about  10  per  cent  had 
heads.  Little  chains  of  ripe  segments  werq  also  common.  About  three  weeks  later, 
the  extract  was  again  given,  in  a dose  of  2.5  grams,  and  25  worms  were  passed.  All 
symptoms  of  the  former  trouble  disappeared,  and  while  previously  the  diarrhea  had 
persisted  in  spite  of  all  carefulness  in  diet,  the  stools  became  normal  and  so  remained, 
although  the  girl  now  ate  anything  she  pleased. 

Galveston,  Tex.,  1902 1 case. 

Case  Xo.  96. — Moore  (1903) « has  reported  a case  of  H.  nana  from  Texas,  in  a pre- 
liminary note  read  recently  before  the  University  of  Texas  Medical  Club. 

«See  also  Moore  (1904). 
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“On  August  2,  1902,  T.  O.  C.,  a section  foreman  of  the  Galveston,  Houston  and 
Henderson  Railway,  presented  himself,  complaining  of  a severe  diarrhea  and  cramps 
in  the  abdomen.  His  history  was  as  follows: 

“ Family  histor}"  good.  No  i^revious  sickness  of  any  kind.  Present  illness  began 
in  the  early  part  of  June,  1902,  with  headaches  and  a slight  fever.  About  July  28, 
he  was  taken  with  a severe  diarrhea  and  much  pain  in  the  bowels.  He  had  from 
ten  to  twenty  stools  per  day.  Passed  mucus  and  blood  in  the  motions.  Suffered 
great  weakness. 

“He  was  given  a diarrhea  mixture  and  asked  to  return  in  case  he  was  not  relieved. 
He  came  back  on  August  4,  stating  that  he  was  no  better.” 

Amebic  dysentery  or  the  presence  of  some  intestinal  worm  having  been  suspected, 
an  examination  of  the  feces  was  made  which  resulted  in  the  discoverv  of  the  eggs  of 
H.  nana,  and  after  the  administration  of  an  anthelmintic,  a number  of  the  worms 
themselves  were  passed.  The  effect  upon  the  symptoms  of  the  expulsion  of  the 
worms  is  not  stated  in  Doctor  Moore’s  paper.  The  specific  determination  of  the 
parasites  in  this  case  was  confirmed  in  this  laboratory. 

Charleston,  S.  C.,  1902  1 case. 

Case  iVo.  97. — Stiles  (1903a,  p.  40),  in  October,  1902,  while  examining  some  of  the 
students  of  the  Charleston,  S.  C.,  Medical  School,  found  that  the  stools  of  one  of  them 
(Mr.  T. ) contained  numerous  eggs  of  Hymenolepis  nana.  The  young  man  was  22  years 
of  age,  and  came  from  the  countr}'.  Later  examinations  showed  that  he  was  also 
infected  with  Uncinaria  americana.  The  symptoms  in  this  case,  from  what  informa- 
tion I have,  seem  to  have  been  only  very  slight.  The  patient  complained  of  a certain 
degree  of  nervousness.  Dr.  J.  L.  Dawson,  who  has  expressed  the  intention  of  pub- 
lishing a full  clinical  history  of  this  case,  after  the  discovery  of  the  eggs,  placed  the 
patient  upon  anthelmintic  treatment.  In  a letter  to  Doctor  Stiles  he  states  that  hun- 
dreds of  the  worms  were  passed.  Doctor  Dawson  kindly  furnished  this  laboratory 
with  specimens  from  this  case,  which  have  been  entered  in  the  Helminthological 
Collection  (No.  9402)  of  the  United  States  Public  Health  and  Marine-Hospital  Service. 

Macon,  Ga.,  1902  3 cases. 

In  November,  1902,  while  examining  39  children  in  two  orphan  asylums  at  Macon, 
Ga.,  Stiles  (1903a,  p.  41,  42)  found  3 cases  of  infection  with  H.  nana.  The  patients 
were  as  follows: 

Case  No.  98. — R.  J.,  female,  11  years  old,  from  Lumber  City,  Telfair  County,  Ga. ; 
a case  of  light  infection. 

Case  No.  99. — M.  N.,  female,  13  years  old,  from  Taylor  County,  Ga. ; a case  of  very 
heavy  infection. 

Case  No.  100. — 0.  H.,  male,  16  years  old,  from  IVright,  Wilcox  County,  Ga. ; a 
case  of  light  infection. 

We  have  no  data  as  to  the  symptomatology  of  these  cases,  nor  any  information 
with  regard  to  the  results  of  treatment,  if  such  were  tried. 

Washington,"  D.  C.,  1903 6 cases. 

In  a series  of  about  2,000  fecal  examinations  of  patients  at  the  Government  Hospi- 
tal for  Insane  at  Washington,  made  during  1902-1903  in  this  laboratory,  the  eggs  of 
Hymenolepis  nana  were  encountered  six  times. 

Case  No.  101. — The  patient  in  this  case  was  a woman  (white);  aged,  about  60;  an 
inmate  of  the  hospital  for  a good  many  years.  Shortly  after  the  examination,  when 
the  eggs  were  discovered,  the  patient  was  sick  for  several  days.  We  have  had  no 
information  as  to  the  exact  nature  of  the  ailment.  Specimens  of  several  stools  taken 
during  this  time  were  liquid  in  character  and  no  eggs  were  to  be  found,  nor  were  any 

«See  also  footnote,  p.  7. 


eggs  seen  in  preparations  of  the  stools  c.f  tliis  j)atient  exainineil  on  one  or  two  occa- 
sions after  her  recovery. 

Case  Xo.  102  (Gov.  Hosp.  case  2S'o.  9901). — I.  L.,  colored;  age,  32;  born  in  Vir- 
ginia; admitted  to  the  hospital  in  May,  1896,  suffering  with  chronic  dementia  which 
had  lasted  one  year;  supposed  cause,  masturbation.  He  has  been  an  inmate  of 
AV.  L.  building  continuously  since  1900,  and  of  ward  3 of  this  building  since  April  11, 
1903.  He  is  said  to  l)e  in  good  physical  condition  and  Avorks  in  the  power  house. 
In  July,  1900,  he  was  sick  for  a few  days  and  lost  considerable  flesh;  but,  after  treat- 
ment for  three  days  with  an  ague  mixture,  improved  and  Avas  soon  back  at  Avork. 
In  October,  1901,  he  AA'as  affected  Avith  a skin  disease  resembling  itch,  Avhich  disap- 
peared after  local  treatment  with  iodine.  Eggs  of  whipAvorm  ( Trichurls  Irichifim)  and 
of  Ily nienolepis  nana  were  present  in  his  feces  in  iSIay,  1903. 

Case  Xo.  103  (Gov.  Hosp.  case  Vo.  9376). — E.  Q.,  colored;  indigent;  age,  32;  born 
in  District  of  Columbia;  admitted  to  hospital  XoA*ember,  1894,  Avith  congenital  imbe- 
cility. He  has  been  an  inmate  of  \V.  L.  building  continuously  since  August,  1899, 
and  of  ward  3 since  February,  1902.  His  Aveight  has  ranged  from  222  to  232.  He 
has  been  detected  at  A'arious  times  masturbating,  and  during  these  periods  he  has 
been  more  demented.  Physically  he  remains  in  good  health.  Eggs  of  IT.  nana 
AA'ere  seen  in  the  feces  in  5 ont  of  10  preparations  examined;  Avhipworm  eggs  A\ere 
also  present. 

C<m  Xo.  104  (Gov.  Hosp.  case  Vo.  12804). — H.  J.,  colored;  sergeant  (retired), 
V.  S.  Army;  cook;  age,  51;  admited  to  hospital  from  Army  General  Hospital,  Pre- 
sidio, Cal.,  Vovember,  1901,  Avith  delusional  melancholia  of  six  months’  duration, 
supposed  cause  organic  brain  disease.  He  has  been  an  inmate  of  ward  3 of  \V.  L. 
building,  continuously  since  [March,  1902.  At  a physical  examination  in  Vovember, 
1901,  he  AA'as  found  to  be  fairly  AA  ell  de\’eloped;  his  abdomen  Avas  tense,  rounded, 
and  tympanitic;  his  bowels  Avere  constipated.  [Muscular  moA’ements  were  sIoav  and 
Aveak;  coordination  Avas  fair.  Muscle  reflexes  AA'ere  diminished,  tendon  reflexes 
normal.  He  suffered  at  times  Avith  A'ertigo.  Opacity  of  both  crystalline  lenses  Avas 
present.  His  mental  symptoms  Avere  false  perception,  poor  memory,  false  ideation, 
poor  reasoning  and  judgment,  delusions  and  auditory  hallucinations.  In  halnts  he 
is  fairly  cleanly.  An  examination  of  his  urine,  VoA'ember  11,  1901,  shoAved  a slight 
hematuria,  Avhich  had  entirely  disappeared  ten  days  later.  He  suffered  from  malaria 
(tertian  type)  for  a feA\-  days  in  VoA'ember,  1901,  but  recoA'ered  promply  after  treat- 
ment. In  May,  1903,  the  eggs  of  IT.  nana  Avere  found  in  the  feces  in  7 out  of  10 
preparations  examined. 

Case  Xo.  105  (Goa'.  Hosp.  case  Vo.  10953). — C.  G.,  colored;  indigent;  age  47;  born 
in  Maryland;  admitted  to  hospital  October,  1898,  Avith  (dironic  mania  of  20  years’ 
duration;  supposed  cause  prison  life.  He  has  been  an  inmate  of  Avard  3,  W.  L. 
building  continuously  since  February  1901.  His  health  is  reported  good  and  appe- 
tite excellent.  This  case  AA'as  a heavy  infection;  numerous  eggs  AA'ere  found  in  the 
feces,  in  all  of  10  preparations  examined,  May,  1903;  AvhipAvorm  eggs  AA'ere  also 
present. 

Case  Xo.  106  (Gov.  Ho.sp.  case  Vo.  8857). — J.  S.,  colored;  indigent;  age  40;  born  in 
Florida;  admitted  to  hospital  July,  1893,  with  acute  melancholia  of  three  months’ 
duration;  supposed  cause,  masturbation.  He  has  been  an  inmate  of  Avard  3,  W.  L. 
building,  continuously  since  February,  1901.  In  the  fall  of  1901  he  suffered  for 
some  time  Avith  a skin  disease  resembling  itch,  localized  in  the  neighborhood  of  the 
genital  organs.  The  eruption  became  better,  and  Anally  disappeared  after  local 
treatment  Avith  iodine.  He  is  said  to  be  in  good  health,  Avith  good  appetite,  sleeps 
Avell,  Avorks  in  the  vineyard.  In  [May,  1903,  fecal  examination  showed  eggs  of 
H.  nana  in  7 out  of  10  preparations.  Eggs  of  Trichurls  Avere  also  present. 

It  is  a noteAvorthy  circumstance  that  of  the  six  ca.ses  of  IT.  nana  at  the  insane  hos- 
pital, five  Avere  found  among  colored  patients,  all  inmates  of  the  same  l)uilding  and 


the  same  ward.  This  fact  tits  in  very  well  with  the  assumption  that  a direct  infec- 
tion occurs  from  one  jtersoii  to  another,  and  is  evidence  similar  to  that  brought 
forward  by  Yenuti  (see  ]>.  55). 


AIS^ALYSIS  OF  CASES  A]S  J)  DISCUSSIOX  OF  SYMPTOMS. 

AGE  AND  SEX  OF  INDIVIDUALS  AFFECTED. 

In  the  lOd  cases  of  7/.  at  least  60,  and  probably  70,  ot  the 

individuals  affected  were  males;  30  Avere  females,  Avhile  in  the  reports 
of  the  remaining-  6 cases  the  sex  is  not  indicated.  Sixteen  and  prob- 
abh^  18  Avere  oati*  20  years  of  age,  2 at  least  being  over  50;  81  Avere 
younger  than  20  years;  in  1 cases  no  reference  ifs  made  to  age. 
Between  1 and  5 years  there  were  9 cases;  5 and  10  years,  21  cases; 
10  and  15  years,  5 cases;  15  and  20  years,  5 cases;  11  other  cases  Avere 
reported  simply  as  children. 

According  to  these  figures  llynienolep  'o^  ncuia  is  much  more  common 
among  children  than  among  adults,  and  males  are  more  often  infected 
than  females.  Five  to  10  years  seems  to  be  the  age  most  frequently 
affected.  The  veiw  large  percentages  of  males  and  children  may  be 
due  in  some  degree  to  the  fact  that  in  the  more  heuAuly  infected 
regions  investigations  have  been  made  more  especialh’  among  chil- 
dren than  among  adults,  and  among  males  than  among’  females. 

GENERAL  ENA’IKONAIENT  AND  SOCIAL  FOSITION  OF  INFECTED 

INDIA'IDUALS. 

With  regard  to  the  social  position  and  general  enAfironment  of  the 
individuals  affected,  it  is  to  be  noticed,  in  the  first  place,  that  32  of  the 
cases  were  in  orphan  asylums  or  poorhouses,  27  being  in  the  asAdum 
at  Catania,  Sicih  ; 3 in  two  asylums  at  Macon,  Ga.,  and  2 in  a poor- 
house  at  Tok}’o,  Japan;  and  6 cases  Avere  in  an  insane  asjdum  in  the 
District  of  Columbia.  Of  the  remaining  cases,. 6 or  8 inaA"  be  said  to 
belong  among  the  well-to-do  classes.  Grassi,  also  (Grass!  & Rovelli, 
1892a),  as. already  stated,  refers  to  an  indefinite  number  of  cases  AA’hich 
occurred  among  the  children  of  Avell-to-do  families.  It  is  only  certain 
that  the  patients  in  about  20  of  the  62  cases  remaining  were  poor,  but 
it  is  probable,  judging  from  A^arious  circumstances  related  in  connec- 
tion Avith  individual  cases,  that  the  majority  Avere  from  the  poorer 
classes. 

The  conclusion  does  not,  therefore,  seem  unjustified  that  the  children 
of  the  poor  are  more  liable  to  infection,  and  children  gathered  together 
in  institutions  seem  especially  likely  to  shoAv  a hea\’3^  percentage  of 
infection;  the  worm,  in  fact,  seems  to  be  particularh"  common  in 
orphan  asAdnms.  Among  adults,  also,  institutional  life  seems  to  fa  a or 
infection  (cases  Nos.  101  to  106). 


There  are  about  47  cases  which  can  be  assigned  to  the  cit}^  as  against 
15  to  the  country  (including  the  cases  from  the  as^dums  [except  the 
^lacon  cases]  among  the  former).  Investigations  have  been  made, 
however,  mostly  among  city  inhabitants. 

PREVALEXCE  OF  INFECTION. 

At  many  of  the  hospitals  in  Germany  a large  number  of  exami- 
nations for  parasites  are  made  every  year,  but  so  far  only  4 cases  of 
Ilymenolejjis  naiut  have  been  reported  from  that  country.  Mertens 
(1892,  p.  1136)  states  that  30<)  to  400  patients,  mostly  adult  however, 
are  examined  yearly  at  the  Cologne  Hospital,  and  that  formerly  the 
eggs  of  Ilymenolepis  nana  had  never  been  found.  After  the  discoveiy 
of  the  eggs  of  the  parasite  in  the  feces  of  a child  who  had  entered  the 
hospital,  100  other  children,  at  that  time  in  the  hospital,  were  carefully 
examined  for  evidences  of  parasitic  infection.  Although  14  cases  of 
helminthiasis  were  found,  II.  nana  was  not  present. 

In  Italy  the  parasite  is  decidedly  common.  Calandruccio  estimates 
that  in  Sicily  10  per  cent  of  the  children  are  affected. 

Venuti  (1895),  according  to  Massari  (1898),  determined  the  ratio  of 
infection  among  214  boys  in  the  orphan  asylum  at  Catania  to  be  over 
10  per  cent  (23  cases),  while  among  100  boys  from  various  classes  of 
the  general  population  he  was  unable  to  lind  a single  case. 

Out  of  about  2,000  fecal  examinations  made  at  this  laboratory  dur- 
ing 1902-1903,  of  adult  patients  at  the  Government  Hospital  for  the 
Insane,  IT ashington,  D.  C.,  the  eggs  of  this  parasite  were  encountered 
. 6 times. 

Stiles  (1903a,  pp.  41,  42),  in  about  160  fecal  examinations  made  dur- 
ing a recent  trip  through  the  South  Atlantic  States  in  connection 
with  an  investigation  of  uncinariasis,  found  the  eggs  of  Ilymenolepis 
nana  4 times,  once  in  the  examinations  of  15  medical  students,  and  3 
times  among  39  children  in  2 orphan  asylums. 

GEOGRAPHIC  DISTRIBUTION  OF  Hynienolepis  luma. 

Geographicalh"  the  cases  of  Ilyrnenoleyyis  nana  in  man  are  distributed 
as  follows: 

Egypt,  3 cases;  England,  1 case;  Sicily,  48  cases;  Italy,  exclusive 
of  Sicily,  27  cases;  Russia,  2 cases  and  1 doubtful  case;  Germany,  4 
cases;  Servia,  1 case;  Siam,  1 case;  Japan,  2 cases;  Pennsylvania,  1 
case;  District  of  Columbia,  6 cases;  South  Carolina,  1 case;  Georgia, 
3 cases;  Texas,  1 case;  Brazil,  2 cases;  Argentine,  1 case  and  1 doubtful. 

The  worm  has  been  reported  from  rats  or  mice  in  the  following 
places: 

Austria  (Stossich,  1898,  p.  104);  Denmark  (Krabbe,  1865,  p.  39); 
Germany  (Grassi,  1887h,  p.  312;  Linstow,  1896a,  p.  579;  Moniez,  1888); 
France  (Dujardin,  1845a,  TIoniez,  1888);  Italy,  including  Sicily  (Grassi, 
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Calandruccio);  United  States  (specimens  in  the  B.  A.  I.  Coll.,  U.  S. 
Dept,  of  AgT.,  collected  in  Maiyland  and  the  District  of  Columbia); 
Brazil  (Lutz,  189d). 

The  ligures  seem  to  show  that  a rather  warm  and  moist  climate  is 
especially  favorable  to  the  development  of  cases  of  Ilymenolepis  nana. 
As  would  be  expected  upon  the  assumption  that  the  forms  in  man  and 
in  the  rat  are  the  same  species,  the  statistics  indicate  a certain  degree 
of  coincidence  in  the  occurrence  and  frequency’  of  11.  naiiaiw.  man  and 
in  the  rat  for  any  locality,  modified,  it  is  true,  by  other  factors,  such 
as  the  h}’gienic  conditions  of  the  community  the  habits  and  customs 
(personal  hygiene,  character  of  food)  of  the  inhabitants,  etc.  In  gen- 
eral its  distribution  maj"  be  considered  cosmopolitan,  like  that  of  its 
hosts,  but  more  restricted  b}"  certain  conditions,  among  which  are, 
perhaps,  climate  and  moisture. 

SITUATION  IX  THE  INTESTINE. 

The  results  of  a number  of  autopsies  show  that  the  portion  of  the 
intestine  infested  is  a greater  or  less  part  of  the  ileum,  especially  its 
upper  two-thirds  or  three-fourths. 

NUMBER  OF  SPECIMENS  PRESENT. 

The  number  of  specimens  of  11.  nana  present  in  the  various  cases 
has  ranged  from  1 to  several  thousand.  In  one  case,  1 specimen  only 
was  found  at  the  autopsy;  2 specimens  were  passed  in  one  case;  20 
were  present  in  one  case;  30  to  40,  1 case;  50,  1 case;  50  to  80,  1 case; 
between  100  and  200,  2 cases;  from  200  to  400,  4 cases;  600  to  TOO,  1 
case;  1,000,  1 case;  1,400,  1 case;  2,000,  1 case;  in  5 cases  in  which  no 
figures  were  given  there  were  said  to  be  few;  in  7 cases  a very  large 
number  or  several  thousand. 

OTHER  PARASITES  PRESENT. 

Multiple  infection  occurred  in  27  cases.  Oxyuris  vermicularis  was 
present  12  times,  Trichuris  trichiura  19  times,  Ascaris  lumhricoides  16 
times,  Agchylostoma  duodenale  5 times,  Uncinaria  arnericana  once, 
Tdenia  saginata  2 times,  Tsenia  solium  once,  encysted  flagellates  once, 
larval  nematodes  [?  Strongyloides  stercoralis^  once.  The}"  were  asso- 
ciated together  with  H.  nana  as  follows: 

Trichuris.,  6 cases;  Ascaris^  3 cases;  Oxyuris\  2 cases;  Agchylostoma 
duodenale.,  1 case;  Uncinaria  arnericana.,  1 case;  Tsenia  saginata.,  2 
cases;  Oxyuris  and  Trichuris^  1 case;  Oxyuris  and  Tsenia  solium.,  1 
case;  Oxyuris  and  larval  nematodes  [?  Strong yloides\.,  1 case;  Oxyuris., 
Trichuris^  and  Ascaris.,  6 cases;  Trichuris  and  Ascaris.,  2 cases; 
Trichuris^  Ascaris^dindi  encysted  flagellates,  1 case;  Trichuris^  Ascaris., 
and  Agchylostoma  duodenale.,  2 cases;  Ascaris  and  Agchylostoma 
duodenale.,  1 case;  Oxpuris.,  Trichuris.,  Ascends.,  and  Agchylostoma 
duodenede.,  1 case. 


(U 


DUKATTOX  OF  IXFECTIOX. 

The  duration  of  infection  as  determined  by  the  actual  observation 
of  eggs  in  the  feces  after  the  time  they  were  tirst  seen  was  2 months 
in  one  case  (No.  43),  6 months  in  3 cases  (Xos.  36,  45,  53),  7 months  in 
2 cases  (Nos.  48,  86),  1 year  to  2 years.  3 cases  (Nos.  4,  47,  49),  24 
years,  1 case  (No.  38). 

As  determined  also  by  the  length  of  time  tlie  symptoms  existed, 
which  were  cured  or  improved  by  anthelmintic  treatment:  3 months, 
1 case  (No.  42):  7 months,  1 case  (No.  41):  1 to  2 vears,  7 cases  (Nos. 
37,  43,  44,  49,  81,  94,  95):  54  years,  1 case  (No.  38).  In  1 case  (No. 
36)  the  symptoms  disappeared  spontaneously  after  lasting  6 months, 
reappeared  after  a lapse  of  1|  years,  then  disappeared  again  after 
anthelmintic  treatment,  but  recurred  with  the  reappearance  of  eggs 
in  the  feces. 

In  cases  which  were  not  treated  the  symptoms  lasted  3 years,  ending 
in  death  in  1 case  (No.  9);  and  for  2 years  in  another  case  (No.  55);  in 
a third  case  (No.  48)  symptoms,  which  may  have  been  caused  by  the 
presence  of  //.  ncma,  were  exhibited  for  nearly  6 years. 

GENERAL  SYMPTOMATOLOGY  OF  INTESTINAL  HELMINTHIASIS. 

Before  taking  up  the  analysis  of  s\’mptoms  exhibited  in  cases  of 
IIy}nen(jlej)i'<  nona^  it  is  considered  advisable  to  review  shortlv  the 
symptomatology  of  other  intestinal  worms,  especialh'  tape\vorms. 
Generali V speaking,  the  injurious  ellects  of  intestinal  worms  may  be 
looked  upon  as  due  to  one  or  more  of  the  following  causes,  namely,  the 
mechanical  obstruction  occasioned  bv  their  presence,  the  irritation  to 
the  wall  of  the  intestine,  the  influence  of  this  indtation  upon  the  ner- 
vous system,  the  loss  to  the  host  of  nutritive  materials  which  go  to 
supply  the  parasites,  and  finally,  the  elminination  by  the  parasites,  of 
toxic  principles  Avhich  are  absorbed  by  the  host. 

In  discussing  the  phenomena  produced  l)v  worms,  Davaine  (1860a, 
pp.  48  et  seep),  the  eminent  French  helminthologist,  says  in  part 
essentially  as  follows: 

The  presence  of  worms  in  the  intestine  does  not  always  result  in  appreciable  phe- 
nomena; it  is  compatible  with  the  most  ])erfect  health;  ))iit  is  frequently  manifest 
by  variable  j»henomena  of  a local  and  often  of  a sympathetic  nature. 

The  local  phenomena  consist  of  derangements  of  the  intestinal  functions,  abdomi- 
nal pains,  anal  pruritus,  and  occasionally  anatomical  lesions  of  some  importance. 

Any  organ  may  Vje  affected  reflex ly  by  intestinal  worms;  false  perception  of  odors, 
dilation  of  the  pupil,  permanent  or  ti’ansitory  amaurosis,  abnormal  sensitiveness  of 
hearing,  perversion  of  taste,  itching  and  formication  of  the  skin,  bear  witness  to  the 
sympathetic  action  of  the  })arasites  upon  the  senses;  from  another  side,  somnolence, 
vertigo,  frightful  dreams,  spasms,  vague  pains,  cough,  dyspnea,  cardiac  palpitations, 
irregularities  of  inilse,  insatiaV)le  hunger  or  anorexia,  salivation,  quality  of  the  urine, 
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emaciation,  witness  equally  their  action  upon  the  nervous  system,  upon  the  organs 
of  respiration,  upon  the  circulation,  upon  tne  digestion,  upon  the  secretions,  and 
upon  the  nutrition.  'While  the  sym]3athetic  effect  of  intestinal  worms  upon  organs 
more  or  less  remote,  and  the  functional  disorders  which  they  occasion  can  not  be 
denied,  one  ought  not,  on  the  other  hand,  to  display  the  ignorance  and  prejudices 
characteristic  of  a former  epoch,  by  accepting  without  scrutiny  all  the  accounts  which 
have  been  transmitted  to  us,  even  when  coming  from  most  eminent  men.  Although 
very  grave  symptoms  are  sometimes  unquestionably  determined  by  intestinal  para- 
sites, doubt  and  caution  should  compel  us  to  suspend  judgment  in  very  many  cases 
where  the  presence  of  worms  and  illness  may  only  be  a simyjle  coincidence. 

The  absence  or  appearance  of  functional  troubles,  their  frequency  or  variable  inten- 
sity is  not  explained  by  differences  in  the  nature  of  intestinal  worms.  Tfenia,  Both- 
riocephalus,  Ascaris,  or  Oxyuris  may  all  give  rise  to  similar  phenomena.  The  number 
or  the  size  of  these  entozoa  is  undoubtedly  not  without  influence  upon  the  develop- 
ment of  pathologic  phenomena;  their  presence  seems  to  be  less  easily  supported  in 
the  stomach  than  in  the  intestine;  but  in  certain  cases,  neither  the  species  nor  their 
number  or  size,  nor  the  part  of  the  intestine  which  they  occupy,  accounts  for  the 
variations  or  the  intensity  of  the  symptoms,  which  often  depend  upon  bodily  pecu- 
liarities and  the  degree  of  susceptibility  of  the  individual  affected;  in  fact,  women 
experience  ordinarily  the  most  severe  derangement  of  health,  and  feeble  and  nervous 
individuals  are  also  more  affected  than  those  in  better  condition.  (Translation. ) 

Davaine  sa}’s  further  (1860a,  pp.  103  et  seq.,  in  part): 

The  principal  symptons  of  Teenia  are  giddiness,  humming  in  the  ears,  disorders  of 
vision,  nasal  and  anal  pruritus,  salivation,  disorders  of  appetite  and  digestion,  colic, 
pains  in  the  epigastrium  and  other  regions  of  the  abdomen,  cardiac  palpitation,  syn- 
cope, sensations  of  a ball  or  weight  in  the  abdomen  rolling  about  and  following  the 
movements  of  the  bodv,  pains  and  lassitude  in  the  limbs,  and  emaciation. 

The  abdominal  pains  caused  by  Tsenia  may  be  of  the  nature  of  colic  or  of  gastralgia; 
frequently  their  character  is  difficult  to  appreciate.  They  are  referred  to  different 
parts  of  the  abdomen,  are  of  varying  severity,  sometimes  lively  and  intermittent, 
and  are  ordinarily  not  accompanied  nor  followed  by  diarrhea.  They  constitute  the 
most  common  symptom  of  Tsenia. 

Anal  pruritus  is  also  a very  common  phenomenon.  'While,  in  some  cases,  it  may, 
like  nasal  pruritus,  be  attributed  to  a sympathetic  influence,  it  is  usually  due  to 
irritation  of  the  lining  of  the  lower  part  of  the  intestine,  produced  by  the  contact 
and  movements  of  detached  segments.  Itching  of  the  nose  is  less  frequent,  but  it 
is  rare  that  an  individual  affected  with  Tsenia  does  not  suffer  from  either  nasal  or 
anal  pruritus. 

The  appetite  is  often  augmented,  sometimes  insatiable;  at  other  times  it  is  lacking 
or  subject  to  alternate  augmentation  and  diminution. 

There  exist  very  often  among  persons  affected  with  Tsenia  a general  debility, 
lassitude,  cramps,  and  pains  in  the  extremities,  sufliciently  severe  to  interfere  with 
the  usual  occupation. 

Emaciation  is  very  common  when  the  infection  is  of  long  standing.  Sometimes  it 
is  accompanied  with  bloating  and  distension  of  the  abdomen. 

The  greater  part  of  these  phenomena  do  not  have  very  serious  effects  upon  the 
individuals  affected;  but  it  is  different  with  certain  convulsive  symptoms  which 
develop  under  the  influence  of  Tsenia.  These  consist  in  attacks  of  more  or  less  similar 
nature,  presenting  the  characteristics  of  epilepsy,  hysteria,  chorea,  etc.,  in  some  cases 
very  intense  and  severe.  These  functional  disorders  are  the  most  frequent  among 
those  brought  about  by  the  presence  of  Tsenia  and  disappear  with  the  expulsion  of 
the  parasite.  This  coincidence  and  the  fact  that  the  symptoms  do  not  recur  leaves 
no  doubt  as  to  their  cause.  ^Translation. ) 
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Numerous  cases  are  referred  to  by  Davaiue  in  which  epileptiform 
attacks,  chorea,  tremors,  parah’sis,  cough,  bulimia,  perversions  of 
sense,  weakening  of  the  mental  faculties,  or  deafness  occurred,  and  in 
which  the  expulsion  of  tapeworms  marked  the  disappearance  of  the 
S3unptoms.  He  also  speaks  of  momentarv  loss  of  speech,  loss  of 
memory,  persistent  insomnia,  frequent  epistaxis,  repeated  vomiting, 
disorders  of  the  sexual  functions,  etc.,  as  occasional  s^miptoms  deter- 
mined bv  the  presence  of  tapeworm. 

Seeger  (1852,  p.  80)  gives  the  following  list  of  symptoms,  with  their 
frequency’,  considered  hy  him  to  be  of  diagnostic  value  and  gathered 
from  the  accounts  of  100  selected  cases  of  large  tapeworms: 

Acute  colic,  17  per  cent;  abdominal  pains  of  various  sorts,  42  per  cent;  vertigo,  15 
per  cent;  periodical  and  habitual  headache,  usually  unilateral,  19  per  cent;  irregular 
appetite  or  bulimia,  31  per  cent;  frequent  nausea,  with  vomiting  or  feeling  of  faint- 
ness, 49  per  cent;  peculiar  sensations  of  movements  in  the  abdomen,  16  per  cent; 
vague  pains  in  different  parts  of  the  body,  11  per  cent;  digestive  troubles  and  irregu- 
larities of  the  bowels,  33  per  cent;  failure  and  derangements  of  speech  and  special 
senses,  15  j:>er  cent;  cerebro-spinal  symptoms,  especially  local  or  general  convulsions 
(epilepsy,  hysteria,  melancholia,  hypochondria,  clonic  convulsions,  dyspnea,  con- 
vulsive cough,  etc.),  68  per  cent. 

Hirsch  (1879a),  in  a statistical  studv  of  100  cases  of  infection  with 
large  tapeworms  observed  In^'  Doctor  (Mosler  in  his  practice  at  Giessen 
and  Greifswald,  German}',  has  given  the  relative  frequency  of  such 
symptoms  as  were  considered  due  to  the  presence  of  the  parasites. 

Of  gastro-intesi-inal  phenomena,  colic  appeared  in  Id  cases  without 
apparent  cause.  Abdominal  pains  of  various  kinds  were  present  in 
numerous  cases.  The  prevailing  gastric  symptoms  were,  matitudinal 
vomiting,  1 case;  pyrosis.  8 cases;  unpleasant  eructations  after  eating, 
5 cases;  nausea,  13  cases;  frequent  vomiting.  12  cases;  loss  of  appe- 
tite, 6 cases;  bulimia,  10  cases,  and  various  sorts  of  capricious  appetites 
in  other  cases. 

Constipation  occurred  in  5 cases,  diarrhea  in  6 cases,  and  the  bowels 
were  irregular  in  3 cases. 

Epileptiform  convulsions,  cured  after  the  expulsion  of  a tapeworm, 
occurred  in  one  case,  and  severe  manifestations  of  a convulsive  nature 
were  present  in  2 cases.  Vertigo  was  complained  of  in  16  cases.  Loss 
of  consciousness  occured  in  2 cases.  Headache  was  present  in  Id  cases. 
Flickering  vision  and  a sensation  of  blackness  before  the  eves  were 
symptoms  in  2 cases,  and  in  a third  case  vision  was  diminished  in  one 
eye.  Cardiac  palpitation  occurred  in  6 cases.  Salivation  was  present 
in  6 cases,  anal  pruritus  in  19  cases,  and  itching  of  the  nose  in  12  cases. 
Disturbed  sleep  was  common;  in  1 case  the  sleep  was  much  troubled, 
there  was  complete  insomnia  in  1 case,  and  abnormal  sleepiness  in  a 
third  case. 

Of  symptoms  depending  upon  general  organic  disturbances,  among 
others,  the  following  were  noticed; 
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Feeling  of  weakness,  especiall}"  in  the  knees,  2 cases;  gradual  loss 
of  strength,  d cases;  general  and  continued  weariness,  4 cases;  anemia, 
1 case;  chlorosis,  1 case;  paleness  without  appreciable  cause  except 
the  presence  of  tapeworm,  4 cases. 

Two  cases  were  marked  l\v  icterus,  apparentl}"  due  to  taeniasis. 

In  the  actual  cases  of  tapeworm,  about  130  in  number  (the  remainder 
being  delusion  cases)  among  the  180  cases  observed  by  Cobbold  (1883a), 
besides  gastro- intestinal  symptoms,  evidences  of  deranged  nutrition, 
and  minor  nervous  symptoms  of  common  occurrence,  severe  nervous 
phenomena  appeared  several  times.  Three  well-marked  cases  of  chorea 
occurred  in  bo^vs  (Cobbold’s  cases  X,  XI,  CXVI)  cured  after  the  expul- 
sion of  tapeworms.  A boy  2^  years  old  (Case  LXXYII)  suffering  from 
convulsive  fits  rapidly  improved  in  health  after  expulsion  of  a tape- 
worm. A little  girl  (Case  CLV)  also  showed  rather  severe  nervous 
S3nnptoms.  Among  adults,  partial  hemiplegia  occurred  in  1 case 
(XXXY),  with  spectral  illusions,  and  spasms  of  the  muscles  of  one 
side  of  the  face,  which  disappeared  after  expulsion  of  tapeworm. 
Partial  reffex  paraplegia  was  present  in  1 case  (XXXIX)  with  frequent 
vertigo  and  loss  of  consciousness;  after  expulsion  of  tapeworm  the 
worst  symptoms  disappeared.  Locomotor  ataxia  of  upper  limbs,  with 
other  grave  symptoms,  1 case  (XX\");  locomotor  ataxia  of  lower  limbs 
and  muscular  twitchings,  1 case(LYlII);  partial  locomotor  ataxia  with 
severe  symptoms,  1 case  (LXIY).  Paraplegia,  which  almost  disap- 
peared after  the  tapeworm  was  expelled,  1 case  (XCY).  Frequent 
sjmcope  and  mental  depression,!  case (XLYIII).  There  were  several 
other  cases  in  which  severe  nervous  affections  occurred,  apparently, 
however,  due  to  other  causes,  since  anthelmintic  treatment  was  with- 
out effect  upon  the  symptoms.  . 

It  should  be  noted  that  most  of  Cobbold’s  cases  were  male  adults; 
Hirsch’s  cases  also  were  mostl}^  among  adults,  only  11  patients  out  of 
the  100  being  under  21  }’ears  of  age,  and  onh"  3 under  10  }"ears,  and 
males  were  more  numerous  than  females,  74  of  the  former  to  26  of 
the  latter. 

Numerous  other  statistics  with  regard  to  tapeworm  infection  might 
be  quoted,  but  those  given  are  sufficient  to  show  that  severe  symp- 
toms are  often  associated  with  the  presence  of  the  larger  tapeworms 
(especially  Txnla  saginata  and  T.  solium)^  the  expulsion  of  which  is 
followed  b}"  the  disappearance  of  s^unptoms. 

SYMPTO:\L\TOLOGY  AND  PATHOLOGY  OF  HELMINTHIASIS  MHTH  HYMENO- 
, LEPIS  NANA. 

Owing  to  the  small  size  of  Ilymenolepis  nana  one  might  be  led  to 
assume  at  once  that  its  presence  in  the  human  intestine  could  bring 
about  no  harmful  effects  of  importance.  On  the  other  hand,  a glance 
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at  the  evidence  furnished  by  the  various  cases  of  II.  nana  on  record 
shows  that  severe  symptoms  are  of  frequent  occurrence.  As  an  addi- 
tional support  of  the  fact  that  the  size  of  a tapeworm  is  no  index  of 
the  amount  of  damage  it  may  do,  a number  of  instances  might  be  given 
in  which  small  tapeworms  are  occasionally  even  a serious  menace  to 
life.  In  such  instances,  however,  it  is  usually  the  case  that  the  number 
of  worms  present  is  so  great  that  mechanical  obstruction  alone,  not  to 
speak  of  the  loss  of  nutrition  to  the  host,  is  sufficient  to  explain  the 
severe  results:  .or  it  may  happen,  as  occurs  in  the  case  of  a certain 
comparatively  small  tapeworm  of  the  chicken,  that  the  parasites  bore 
deeply  into  the  submucosa  and  almost  or  entirely  penetrate  the  intes- 
tinal wall,  and  in  this  wav  give  rise  to  veiy  serious  effects. 

In  considering  the  manner  in  which  Ilymenolejns  nana  affects  its 
host,  the  question  of  mechanical  obstruction  ma}^  be  left  out  of  account, 
unless  the  parasite  is  present  in  overwhelming  numbers  when  it  would 
be  of  importance. 

Since  each  worm  has  a separate  point  of  attachment  to  the  intestine, 
it  is  likely  that  considerable  irritation  will  result  if  maii}^  are  present. 
The  rather  extensive  movements  of  the  larger  tapeworms  while  extend- 
ing or  contracting  themselves  give  rise  to  a certain  amount  of  irrita- 
tion, but  in  the  case  of  II.  nana.  it  does  not,  a priori,  seem  probable 
that  its  movements  would  have  much  of  an  irritating  effect,  unless 
the  worm  were  present  in  very  large  numbers.  The  assumption  that 
more  or  less  irritation  of  the  intestine  is  caused  by  the  presence 
of  II.  nana  is  supported  by  the  fact  that  diarrhea  and  other  intestinal 
derangements,  and  various  reflex  symptoms  commonl}^  attributed 
to  intestinal  irritation,  occur  frequently.  As  to  the  extent  of  the 
local  effects  of  the  parasite  under  discussion  our  knowledge  is  lim- 
ited. Although  some  evidence  has  been  adduced,  intended  to  show 
that  pathological  changes  occur  which  are  of  considerable  importance, 
the  balance  of  evidence  seems  to  indicate  that  organic  changes  of  the 
intestine,  if  occurring  at  all,  are  very  slight. 

Junes  (1898)  speaks  of  bloody  extravasations  found  on  the  mucosa  of 
the  ileum  which  he  considers  might  possibly  ha^’e  marked  the  points 
of  attachment  of  the  tapeworms  (Case  No.  3). 

According  to  Grassi  (188Td)  the  worms  were  found  to  have  bored 
deeply  into  the  mucosa,  and  to  have  caused  considerable  alteration, 
but  the  nature  of  the  change  is  not  specified. 

At  the  post-mortem  examination  of  a case  (No.  9)  of  Ilyinenolepis 
nana^  in  which  100  specimens  were  found  in  the  ileum,  Visconti  & 
Segre  (1886)  noticed  that  the  mucosa  throughout  the  small  intestine 
was  tumefied,  hyperemic,  and  covered  with  a thick  layer  of  grayish 
mucus,  through  which  the  worms  were  scattered.  The  greater  part 
of  the  solitarv  follicles  were  tumefied.  Microscopic  examination  of  a 
portion  of  the  ileum  showed  the  mucosa  swollen  and  richly  infiltrated 
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with  h^iuphoicl  cells.  The  connective  tissue  of  the  submucosa  was 
sclerosed  and  thickened. 

Mingazzini  (1899,  pp.  598-599,  603)  has  recently  made  some  obser- 
vations upon  the  mode  of  attachment  of  Hy menolepis  nana  to  the  in- 
testine of  the  rat,  which  are  of  interest  in  this  connection.  He  found 
that  the  rostellum  in  the  living  state,  when  the  worm  is  attached  to 
the  intestine,  is  always  extruded,  and  penetrates  deeph^  into  the  lumen 
of  a gland  of  Lieberkuhn;  it  ma}^  reach  as  far  as  the  bottom.  Only 
a very  slight  alteration  is  produced  in  the  epithelium  of  the  gland,  ex- 
cept at  the  point  where  the  surface  of  the  rostellum  and  the  epithelium 
are  in  contact.  The  hooks  on  the  anterior  part  of  the  rostellum  pene- 
trate only  the  epithelial  cells,  frequently  producing  some  alteration 
in  their  shape  and  contents  and  occasionally  entirely  destro}dng  them 
over  a veiy  small  area.  At  the  points  where  the  suckers  and  the  epi- 
thelium are  in  contact  there  are  sometimes  found  little  elevations  in 
the  latter,  corresponding  to  the  cavities  of  the  suckers.  Grassi  and 
Calandruccio,  after  examining  the  intestines  of  rats  infected  with  II. 
nana.,  asserted  that  at  the  point  of  attachment  there  seemed  to  be  an 
abnormal  number  of  leucocytes  in  the  connective  tissue.  Mingazzini, 
however,  found,  upon  examining  the  same  preparation  used  b}^  these 
authors,  that  the  connective  tissue  of  the  tunica  propria  in  the  region 
of  the  point  of  attachment  of  the  worm  was  entirely  normal  as  to  the 
number  of  leucoc}Tes.  If  II.  nana  acts  the  same  in  the  human  in- 
testine as  in  that  of  the  rat,  it  is  not  possible,  Hingazzini  believes,  to 
attribute  to  this  cestode  the  very  grave  and  extensive  anatomical 
changes  in  the  mucosa  of  the  human  intestine,  which  were  noticed  by 
Visconti  and  Segre,  and  Grassi.  The  fact  that  in  the  great  majority 
of  cases  of  II.  nana  reported,  the  individuals  affected  exhibit  no 
phenomena  of  disturbance,  is  also  considered  b}"  iVIingazzini  an  argu- 
ment against  the  occurrence  of  anatomical  changes  of  importance.  He 
believes  it  is  therefore  justifiable  to  consider  that  the  lesions  referred 
to  which  have  been  noticed  in  the  human  intestine  are  pathological 
conditions  concomitant  with,  rather  than  due  to,  the  presence  of  the 
parasite.  The  nervous  phenomena,  he  adds  finally,  which  sometimes 
appear  in  children  infected  with  H.  nana^  and  are  cured  by  the  elimi- 
nation of  the  parasite,  are  perhaps  due  to  a toxin  which,  while  not 
altering  the  structure  of  the  intestine,  acts  upon  the  central  nervous 
system. 

The  toxic  eff  ects  of  intestinal  parasites  upon  their  hosts  is  a question 
with  regard  to  which  little  is  known,  but  sufficient  work  has  been  done 
to  show  that  in  some  instances  parasites  elaborate  substances  which 
are  distinctly  poisonous  when  absorbed.  In  a review  of  the  results  of 
various  investigators  bearing  upon  this  point,  Linstow  (1896b,  p.  189) 
expresses  the  following  opinion: 

The  helminths  eliminate  a poisonous  substance,  a toxin  or  a leucomain,  as  is  the 
case  with  the  pathogenic  micro-organisms  and,  as  in  the  latter  case,  it  is  not  the  me- 
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chanical  disturbance  produced  by  their  presence  in  the  human  body,  but  the  toxin, 
which  produces  illness,  and  may  cause  death,  (Translation.) 

Yaullegeard  (1901)  states  that  the  products  soluble  in  water  obtained 
b}"  him  from  a number  of  different  cestodes  contain  two  sorts  of  sub- 
stances, one  soluble  in  alcohol  and  the  other  precipitated  by  it.  While 
no  experiments  were  made  with  II.  iiana^  in  the  case  of  Bothrlocejyh- 
alus  piuictatus  he  was  able  to  demonstrate  that  the  substance  soluble 
in  alcohol  contained  an  alkaloid  very  similar  to  curarin,  while  in  the 
substance  precipitated  by  alcohol  there  was  a sort  of  toxin-ferment 
which  acted  upon  the  nervous  centers  and  disorganized  the  relations 
of  the  nerve  cells.  In  his  conclusions  he  says: 

In  studying  the  products  contained  in  different  species  of  worms,  we  have  isolated 
two  toxic  substances,  one  of  which  acts  upon  the  nervous  centers,  while  the  other  acts 
upon  the  muscles.  AVe  are  therefore  justified  in  suspecting  the  importance  of  these 
factors  in  verminous  maladies.  The  critical  study  of  this  subject  has  brought  to  our 
attention  a large  number  of  symptoms  analogous  to  those  provoked  by  the  injection 
of  the  toxic  substances.  * * * Our  chemical  theory,  deduced  from  our  experi- 
ments, permits  us  to  understand  how  good  health  is  possible  in  spite  of  the  presence 
of  worms.  This  result  should  occur  whenever  the  excretion  eliminates  a quantity 
[of  the  toxic  materials]  equal  to  the  absorption,  for  in  this  case  the  dose  contained 
in  the  organism  is  not  sufficiently  active.  The  troubles  correspond  to  the  accumula- 
tion of  toxic  products;  one  readily  comprehends  that  when  some  morbid  influence 
becomes  effective,  it  may  determine  the  apj>earance  of  symptoms  due  to  worms,  which 
had  been  present  for  a long  time  without  manifesting  themselves.  (Translation. ) 

In  the  case  of  7/.  nana  it  seems  probable  that  the  elimination  of  toxic 
materials  Avhich  are  absorbed  b}"  the  host  is  one  of  the  most  important 
factors  in  the  etiology  of  symptoms.  Upon  this  point  Linstow  (1896b, 
pp.  190-191),  after  reviewing  shorth"  the  symptoms  which  have  been 
attributed  to  the  parasite,  remarks: 

That  such  a minutely  small,  delicate  animal  can  not  produce  these  serious  disturb- 
ances through  mechanical  irritation,  perhaps  does  not  need  the  proof  that  its  virulence 
must  be  very  intense.  (Translation.) 

The  analysis  of  the  symptoms  reported  in  the  various  cases  of 
llymenolepis  nana  is  complicated  by  a number  of  circumstances. 
Among  others,  the  question  arises  as  to  whether  the  phenomena 
exhibited  were  due  to  helminthiasis,  or  to  other  causes;  this  question 
is  more  or  less  delinitely  decided  in  some  instances  by  the  effect  of 
anthelmintic  treatment.  Again,  in  those  cases  in  which  there  was  a 
multiple  infection,  to  what  extent  did  Ili/msnolepis  nana  inffuence 
the  symptoms  and  how  much  are  the  other  parasites  to  be  blamed? 
This  is  a question  which  can  not  be  answered  with  certaint}",  but  if  the 
other  parasites  are  comparatively  few  in  number,  as  manifested  by  the 
number  of  eggs  in  the  feces  or  by  the  number  of  worms  passed  after 
treatment,  and  are  of  kinds  which  do  not  usualh^  cause  much  trouble, 
or  if  the  s^miptoms  disappear  and  recur  after  successive  treatments  in 
correspondence  with  the  recurrence  in  the  feces  of  the  eggs  of  II.  nana^ 
we  may  assume  that  it  is  by  the  latter  j^arasite  that  the  symptoms  are 
chiefly  determined. 
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The  presence  or  absence  of  symptoms''  has  been  noted  in  more  or 
less  detail  in  d9  out  of  the  101  ^ cases. 

Of  the  d9  cases,  3 (Nos.  54,  57,  89)  showed  no  symptoms  whatever 
which  could  be  traced  to  H.  nana.  It  is  only  very  remote!}'  possible 
that  there  was  any  connection  between  the  presence  of  II.  nana  in 
cases  1 and  3 and  the  diseases  mentioned  in  these  two  instances,  viz, 
meningitis  and  anemia,  fatal  in  both  cases.  In  9 other  cases  (Nos.  10, 
11,  13,  14,  15,  35,  53,  86,  101)  the  symptoms  were  only  slight.  In  case 
35,  although  thousands  of  II.  nana  were  present,  there  were  no  symp- 
toms of  any  kind  exhibited,  with  the  exception  of  occasional  slight 
abdominal  pains.  Although  several  hundred  specimens,  besides 
numerous  Oxyurls  were  passed  after  successive  treatments  in  case  No. 
53,  the  patient  was  healthy  in  every  respect  and  showed  no  symptoms 
except  an  itching  of  the  nose.  In  4 cases  (Nos.  6.  47,  97)  the 

severity  of  the  symptoms  is  not  defined  (in  Nos.  82  and  97,  however, 
they  were  probably  slight).  The  symptoms  in  the  31  cases  remaining 
are  more  or  less  severe.  Only  17  of  them,  however  (Nos.  7,  8,  32,  33, 
34,  36,  37,  38,  39,  41,  42,  43,  44,  49,  81,  94,  95),  are  marked  by  symp- 
toms in  which  the  influence  of  Ilyrnenolepis  nana  can  be  definitely 
traced,  either  by  the  disappearance  or  improvement  of  the  symptoms 
after  the  expulsion  of  II.  nana  in  those  cases  in  which  there  seemed 
to  be  no  other  parasites  present,  or,  if  present,  few  in  number  com- 
pared with  II.  nana:  or  by  the  correspondence  between  the  reappear- 
ance of  Ilyrnenoleyns  eggs  in  the  feces  after  treatment,  and  the 
recurrence  of  symptoms. 

In  13  (Nos.  7,  8,  32,  33,  34,  37,  38,  39,  42,  43,  49,  94,  95)  of  these  17 
cases,  some  disorder  of  the  digestive  system  was  noted.  The  relative 
frequency  of  symptoms  referable  to  the  digestive  system  is  as  follows: 

Bulimia  or  increased  appetite,  3 cases  (Nos.  7,  8,  39). 

Perversion  of  appetite,  1 case  (No.  95). 

Gastric  dyspepsia  and  difficult  digestion,  1 case  (No.  38). 

Functional  gastro-intestinal  disorders,  1 case  (No.  37). 

Frequent  vomiting,  1 case  (No.  49). 

Abdominal  pain  or  paresthesia,  11  cases  (Nos.  7,  8,  33,  34,  37,  38, 
39,  42,  43,  49,  94).  In  one  of  these  cases  (No.  38)  there  was  a sensa- 
tion of  crawling  in  the  abdomen,  and  heat  in  the  epigastrium;  in 
another  (No.  43)  pain,  and  crawling  and  gnawing  sensations;  in  another 
case  (No.  42)  pain  and  a sense  of  pressure;  it  was  noted  in  one  case 

« This  is  leaving  out  of  consideration  the  symptoms  in  cases  Xos.  51  and  52,  not 
available  to  me  on  account  of  the  Russian  text  in  which  they  were  recorded,  and 
also  the  symptoms  which  may  have  been  mentioned  by  Yenuti  (1895)  in  connection 
with  his  23  cases,  but  his  paper,  unfortunately,  is  not  at  present  accessible. 

^ The  list  of  symptoms  was  compiled  before  the  discovery  of  cases  102  to  106,  which 
are  therefore  not  included  in  the  discussion.  The  ward  records  of  these  five  cases 
showed,  however,  no  symptoms  which  could  be  traced  to  the  presence  of  the 
parasites. 
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(So.  39)  that  the  pain  in  the  epigastrium  increased  on  palpation;  in 
2 cases  (Nos.  33,  3d)  the  pains  were  frecpjent. 

Diarrhea,  3 cases  (Nos.  49.  94.  95).  In  one  case  (No.  49)  the  diarrhea 
was  lienteric  in  nature  and  of  long  standing,  and  in  a second  case 
(No.  95)  it  had  persisted  continualD  for  two  years. 

Diarrhea  alternating  with  constipation,  2 cases  (Nos.  33,  34). 

Severe  intestinal  troubles,  1 case  (No.  32). 

Nervous  symptoms  were  noted  in  15  cases  (Nos.  T,  8,  33.  34,  36,  38, 
39,  41,  42,  43,  44,  49.  81,  94,  95).  In  11  of  these  cases  convulsions  or 
spasms  occurred. 

Epileptiform  convulsions.  7 cases  (Nos.  7.  8,  33,  34,  36,  38,  39).  Of 
these,  3 were  reported  cured  after  treatment,  while  in  the  others  the 
symptoms  disappeared  for  some  time  after  treatment  but  later 
recurred,  and  in  2 (Nos.  33,  34)  of  these  latter  there  was  no  corre- 
sponding reappearance  of  eggs  in  the  feces  when  the  symptoms 
recurred  after  having  ceased  for  several  months. 

Choreic  convulsions,  1 case  (No.  42). 

Clonic  spasms  of  extremities,  2 cases  (Nos.  41,  43). 

Nodding  spasm  of  head,  1 case  (No.  49).  This  symptom  was 
improved  but  not  cured  after  the  expulsion  of  II.  nana. 

Diffuse  tremor  of  frequent  occurrence,  1 case  (No.  38). 

Paralvsis  or  paresis  was  seen  a number  of  times. 

Weakness  of  right  side  of  bod}%  2 cases  (Nos.  41,  43). 

Distortion  of  mouth,  2 cases  (Nos.  41,  43). 

Strabismus  and  diplopia,  6 cases  (Nos.  39,  40,  41,  42,  43,  49).  In  1 
of  these  cases  (No.  41)  the  strabismus  was  not  cured  and  showed  only 
very  slight  signs  of  improvement  after  anthelmintic  treatment. 

Difficult  speech,  3 cases  (Nos.  41,  42,  43). 

A number  of  other  so-called  reffex  SAmiptoms  Avere  encountered. 

A^ertigo,  1 case  (No.  44). 

Headache,  5 cases  (Nos.  39,  41,  43,  44,  49). 

Nasal  pruritus,  1 case  (No.  49). 

Numbness  in  lumbar  region,  1 case  (No.  44). 

Diminished  vision,  1 case  (No.  42). 

Mental  SAmiptoms,  5 cases.  Two  cases  (Nos.  38,  43)  were  melancholy, 
taciturn,  stupid;  in  2 others  (Nos.  7,  8)  there  were  melancholia,  indo- 
lence, and  weakening  of  the  mental  faculties;  1 case  (No.  49)  was  drowsy. 

Respiratoiy  disorders,  4 cases.  Dyspnea  occurred  in  2 cases  (Nos. 
37,  48),  in  one  of  which  it  had  been  continual  during  two  years,  and 
was  cured  immediately  after  the  expulsion  of  II.  nana;  in  1 case  (No. 
38),  a scrofulous  subject,  there  was  a rough,  diffuse,  vesicular  murmur 
of  the  lungs,  whether  cured  after  anthelmintic  treatment  is  not  stated; 
and  in  1 case  (No.  41)  there  Avas  an  occasional  dry  spasmodic  cough. 

Nocturnal  enuresis,  1 case  (No.  81). 

Cardiac  palpitation,  1 case  (No.  39). 
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Shivering,  grinding  of  teeth,  biting  of  lips,  1 case  (No.  49). 

Pupils  unequal,  but  reacting  to  light,  1 case  (No.  42). 

Fever,  3 cases.  In  1 case  (No.  49)  there  was  said  to  be  some  fever; 
in  2 cases  (No.  94,  95)  the  fever  was  irregular  and  intermittent,  in  1 
of  which  it  appeared  at  intervals  for  two  years. 

Restless  sleep,  1 case  (No.  94). 

Somnambulism,  1 case  (No.  38). 

Occasional  remark  is  made  as  to  the  general  appearance;  usually 
the  nutrition  does  not  seem  to  be  much  alfected. 

Emaciation,  1 case  (No.  49). 

Paleness,  4 cases  (No.  39,  42,  43,  49). 

Weak,  delicate,  scrofulous,  1 case  (No.  38). 

With  regard  to  the  phenomena  exhibited  by  the  remaining  cases  in 
which  s}miptoms  were  noticed,  there  is  no  way  of  demonstrating 
whether  the  presence  of  ffymenolej>is  nana  was  aindhing  more  than 
an  attendant  circumstance,  indeed,  in  man}-  of  the  cases  it  is  quite 
apparent  that  there  could  have  been  no  causal  relation  between  the 
presence  of  the  tapeworm  and  the  S3miptoms,  while  in  others,  in  which 
such  a connection  seems  more  or  less  probable,  the  evidence  is  too 
incomplete  to  warrant  such  an  assumption,  and  in  a number  of  these 
latter  it  is  furthermore  questionable  whether  the  other  parasites  pres- 
ent might  not  be  of  equal  or  greater  importance  in  the  etiology  of 
S3"mptoms.  Following  is  a list  of  svmptoms,  with  their  frequenc3^, 
taken  from  all  the  reports  of  cases  in  which  s3miptoms  were  noted, 
without  regard  to  questions  of  etiolog3": 

Disorders  of  the  digestive  S3^stem  occurred  in  28  cases. 

Diarrhea,  9 cases. 

Diarrhea,  alternating  with  constipation,  2 cases. 

Constipation,  1 case. 

Diminished  appetite,  3 cases. 

Increased  appetite,  4 cases. 

Capricious  appetite,  2 cases. 

Perverted  appetite,  2 cases. 

Vomiting,  3 cases. 

Abdominal  pain  or  paresthesia,  16  cases. 

Thirty -three  cases  were  marked  b3"  s3unptoms  connected  with  the 
nervous  S3" stem;  in  11  of  these  cases  the  nervous  symptoms  were  onh" 
slight.  A number  of  S3"mptoms  occurred  as  follows: 

Epileptiform  convulsions,  9 cases. 

Choreic  convulsions,  1 case. 

Clonic  spasms  of  extremities,  2 cases. 

Nodding  spasm,  1 case. 

Frequent,  diffuse  tremor,  1 case. 

Sinistral  hemiparesia,  1 case. 

Weakness  of  right  side,  2 cases. 


74 


Ataxia  and  weakness  of  legs,  1 case. 

Strabismus  and  diplopia,  6 cases. 

Nystagmus,  1 case. 

Disturbed  vision,  1 case. 

Diminished  vision,  1 case. 

Headache,  10  cases. 

Disturbed  sleep,  3 cases. 

Fever,  T cases. 

Vertigo,  2 cases. 

Difficult  speech,  3 cases. 

Mental  symptoms,  T cases. 

Nasal  pruritus,  3 cases. 

Formication  of  body,  2 cases. 

Numbness  of  lumbar  region,  1 case. 

Nocturnal  enuresis,  1 case. 

Cardiac  palpitation,  2 cases. 

Shivering,  grinding  of  teeth,  biting  of  lips,  1 case. 

Of  other  phenomena  not  directly  connected  either  with  the  digestive 
or  nervous  systems  the  following  mav  be  noted: 

Chyluria,  1 case  (No.  87).  The  doubtful  connection  of  Ilymmoleiyis 
with  this  case  has  already  been  remarked  above  in  the  discussion  of 
the  case. 

Slight  eosinophilia,  1 case  (No.  82).  So  far  as  1 have  found,  this 
case  is  the  only  one  in  which  the  results  of  a blood  examination  were 
reported. 

Paleness,  13  cases. 

Emaciation,  4 cases. 

With  regard  to  the  symptoms  which  have  been  enumerated  it  will 
be  noticed  that  there  are  no  essential  peculiarities  to  distinguish  them 
from  the  symptoms  found  with  the  larger  tapeworms  {T^nia).  In 
character  the  symptoms  are  similar  in  both  instances,  being  remark- 
able chiefly  on  account  of  their  variety  and  lack  of  uniformity. 

According  to  the  manner  in  which  the  cases  are  selected,  a A^arieW 
of  results  regarding  the  frequency  of  symptoms  may  be  obtained 
from  a comparison  of  H.  nana  with  other  tapeworms. 

The  cases  of  H.  nana  which  showed  se^mre  nervous  symptoms — 
taking  into  consideration  all  such  cases  without  regard  to  the  proba- 
bility that  in  many  of  them  the  s5miptoms  Avere  due  entirely  to  other 
causes  than  the  presence  of  the  parasite — form  45  per  cent  of  the  49 
cases  in  Arhich  the  presence  or  absence  of  SAmiptoms  AA^as  distinctly 
referred  to,  and  21  per  cent  of  the  entire  number. SeegeFs  table 
(see  p.  66)  gives  the  percentage  of  seAmre  neiwous  symptoms  occurring 
in  100  cases  of  tapeworm  as  68.  Seeger,  howeAmr,  in  making  up  his 
statistics,  apparently  has  used  .only  such  cases  as  exhibited  deflnite 
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s^^mptoms,  and,  moreover,  has  not  given  due  consideration  to  possible 
causes  of  the  symptoms  other  than  the  presence  of  Taenia.  A com- 
parison between  the  49  cases  of  II.  nana  referred  to  and  Seeger’s 
cases  is,  nevertheless,  not  unwarranted.  Not  only  in  the  latter  as  in 
the  former  is  no  attention  paid  to  possible  causes  in  the  etiology  of 
symptoms  other  than  the  presence  of  tapeworm,  but  the}’  are  in  a sense 
selected  cases.  Seeger’s  cases  were  selected  because  of  the  occurrence 
of  symptoms,  and  similarly,  in  connection  with  the  cases  of  II.  nana 
just  mentioned,  there  has  been  a sort  of  selection,  namely:  If  symptoms 
had  not  occurred  in  nearly  all  of  these  cases  the  circumstance  of  infec- 
tion with  II.  nana  would  not  have  been  discovered;  these  cases  were 
thus  picked  out  automatically  from  among  probably  a large  number 
of  cases,  the  remainder  of  which  were  without  symptoms  and  thus 
never  came  under  observation. 

Severe  nervous  symptoms,  apparently  determined  by  the  presence 
of  tapeworm,  were  present  in  at  least  10  per  cent  of  Cobbold’s  cases 
(see  p.  67).  Convulsions  were  present  in  only  3 per  cent  of  Hirsch's 
cases  (see  p.  66),  but  other  phenomena  occurred  in  a considerable 
number  which  will  allow  an  estimate  of  severe  nervous  symptoms 
in  about  10  per  cent  of  the  cases.  Not  more  than  12  to  15  per  cent 
of  alk^  the  cases  of  H.  nana^  or  30  per  cent  of  the  cases  in  which 
the  presence  or  absence  of  symptoms  has  been  definitely  reported, 
exhibited  severe  nervous  symptoms  attributable  with  any  degree 
of  certainty  to  the  action  of  the  parasite. 

A comparison  with  Seeger’s  statistics  tends  to  show  that  severe 
symptoms  are  less  common  in  cases  of  II.  nana  than  in  cases  of  other 
tape  worms,  while  comparison  with  the  statistics  of  Cobbold  and  Hirsch 
indicates  that  grave  nervous  disturbances  are  more  common  in  cases 
of  II.  nana  than  in  cases  of  other  tapeworms.  All  of  these  com- 
parisons are  open  to  criticism,  but  the  first,  although  perhaps  the 
most  artificial  of  the  three,  probably  arrives  nearer  the  truth  than 
either  of  the  others,  and  it  may  be  affirmed  that  severe  efi'ects  from 
the  presence  of  Ilymenolepis  nana  are  no  more  common  than  from  the 
presence  of  other  tapeworms,  but  on  the  contrary  are  very  likely  much 
less  common.  The  high  percentage  of  severe  effects  with  cases  of  II. 
nana  as  compared  with  cases  of  other  tapeworms  is  no  doubt  due,  in  part 
at  least,  to  the  fact  that  a proportionately  greater  number  of  cases  of  H. 
nana  pass  unnoticed  than  of  larger  tapeworms.  The  presence  of  a large 
tapeworm  is  usually  made  manifest,  sooner  or  later,  by  the  passage  of 
segments,  while  a microscopic  examination  is  necessary  to  determine 
the  presence  of  II.  nana.,  and,  as  already  remarked,  unless  there  happen 
to  be  symptoms  which  will  bring  the  patient  under  medical  observa- 
tion, in  which  case  a fecal  examination  may  be  made,  the  chances  are 
very  much  against  the  diagnosis  of  any  particular  case  among  the 
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g’eneral  population.  Thus  it  has  happened  that  a comparatively  large 
number  of  cases  have  presented  themselves  in  which  severe  symptoms 
were  associated  with  the  occurrence  of  Hymenolepis  nana^  while  prob- 
ably a very  large  number  of  cases  have  never  been  noticed  because 
there  have  been  no  symptoms.  A case  of  Tdenia  saginata  or  T.  soJiurru 
on  the  other  hand,  is  very  likely  to  come  under  observation;  the  aver- 
age individual,  when  he  has  once  observed  the  passage  of  worms  from 
his  intestine,  usuallv  does  not  delav,  whether  there  are  anv  other 
unpleasant  symptoms  or  not.  to  seek  relief  from  the  presence  of  his 
unwelcome  guests;  the  case  consequently  stands  a very  good  chance 
of  being  placed  somewhere  on  record.  Another  point  might  be  noticed 
in  this  connection.  Hyrnenolepu  nana  is  more  especially  a parasite  of 
children:  the  larger  tapeworms  are  more  common  among  adults.  It 
is  rather  to  be  expected  that  children  would,  in  general,  experience 
more  severe  effects  from  parasitic  infection  than  adults;  for  example, 
nearly  half  of  Cobbokhs  cases  (as  noted  above),  which  exhibited  severe 
nervous  symptoms,  were  children,  while  the  great  majority  of  all  his 
cases  were  adults;  an  indiscriminate  comparison  of  statistics,  therefore, 
without  taking  into  account  the  question  of  age  of  affected  individuals, 
is  not  likely  to  give  a true  idea  of  the  relative  nocuity  of  the  different 
parasites. 

The  symptomatology  of  helminthiasis  with  Ilymenolejyis  nana  may 
be  summed  up  as  follows: 

The  effects  of  helminthiasis  with  II.  nana  are  no  more  severe  than 
may  occur  from  infection  with  other  tapeworms,  nor,  if  it  is  consid- 
ered that  many  cases  of  the  former  are  probably  overlooked,  are 
serious  symptoms  more  common.  Although  the  effects  are  usually  sa 
slight,  even  when  the  parasite  is  present  in  considerable  numbers, 
that  the  S3unptoms  are  only  veiy  mild  or  absent  entirely,  it  occasion- 
ally happens,  as  with  the  larger  tapeworms,  that  severe  symptoms 
(persistent  diarrhea,  epileptiform  attacks,  etc.)  are  exhibited.  The 
most  frequent  symptoms  determined  by  the  presence  of  II.  nana  are 
abdominal  pain,  which  ma}^  or  may  not  be  associated  with  diarrhea; 
convulsions  of  various  sorts,  frequently  epileptiform;  headache  and 
strabismus.  Xasal  or  anal  pruritus,  common  in  cases  of  infection  with 
other  tapeworms,  is  rarely  seen  with  II.  nana.  In  many  cases  in 
which  a neuropathic  condition  is  already  present,  infection  with 
Ilymenolejns  nana  is  likeh^  to  result  in  an  aggravation  of  the  morbose 
phenomena^  and,  in  general,  a predisposition  to  nervous  disease  seems 
to  be  the  important  factor  in  the  appearance  of  nervous  symptoms. 

DIAGNOSIS. 

In  speaking  of  the  diagnosis  of  helminthiasis,  Blanchard  (1891a, 
p.  100)  remarks  as  follows: 

The  persistence  of  digestive  troubles  and  the  diversity  and  irregularity  of  other 
symptoms  are  very  suggestive  of  helminthiasis.  The  diagnosis  is  rendered  more 
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probable  Avheii  the  patients  are  children.  Intestinal  parasites,  in  fact,  i^lay  a con- 
siderable part  in  the  production  of  infantile  maladies,  a circumstance  which  is  sys- 
tematically disregarded  by  a great  many  physicians.  When  helminthiasis  is  once 
suspected,  one  ought  to  determine  as  nearly  as  possible  to  what  species  the  offending 
parasite  belongs.  Success  in  treatment  depends  upon  this  point;  a remedy  which  is 
sure  in  its  effects  upon  one  species  may  be  useless  against  other  worms.  Entire  worms 
or  fragments  which  have  spontaneously  quitted  the  intestine  may  be  found  in  the 
dejecta.  A careful  examination  of  these  furnishes  valuable  data  with  regard  to  the 
treatment  to  be  pursued,  but  one  ought  not  to  limit  one’s  self  to  such  a superficial 
means  of  determination.  Since  it  frequently  happens  that  several  parasites  live  side 
by  side  in  the  intestine  of  the  same  individual,  it  is  indispensable,  especially  in  grave 
cases,  to  make  a more  careful  examination  of  the  feces,  in  order  to  determine 
exactly  what  different  species  may  be  harbored  by  the  patient.  This  examination 
presents  no  difficulties,  and  only  requires  a little  patience,  since  all  the  eggs  are  not 
equally  easy  to  distinguish.  The  egg  of  each  species  of  parasite,  however,  has  a very 
characteristic  shape  and  size,  which  renders  the  diagnosis  very  easy.  (Translation.) 

To  make  the  examination  it  is  necessary  simph'  to  mb  up  with  a 
drop  of  distilled  water  on  a glass  slide,  a very  small  particle  of  the 
feces  to  be  examined,  cover  with  a cover  giass,  and  examine  with  a 
moderately  high  power,  a Zeiss  T or  8 mm.,  Leitz  5 or  7,  Bausch  and 
Lomb  one-half  or  one-fourth,  or  other  equivalent  objective.  Some 
care  is  requisite  in  looking  for  the  eggs  of  II.  nana^  otherwise  they 
are  veiy  liable  to  be  passed  unperceived,  because  of  their  great  trans- 
parency. The  presence  of  three  pairs  of  hooks  on  the  embryo  con- 
tained within  an  egg  indicates  that  it  is  a cestode  egg,  while  the  pres- 
ence also  of  two  distinct  membranes,  an  inner  one  closely  investing 
the  embiyo,  and  an  outer  separated  from  the  inner  by  a considerable 
intervening  distance,  is  characteristic  of  Ilymenolepis  eggs.  The  shell 
of  the  egg  of  Tseiiia  saginata  or  of  T.  solium  is  thick,  radially  striated, 
and  lies  closely  against  the  embryo.  The  outer  membrane  of  the  egg 
of  Ilymenolejns  dimimita  may  likewise  be  radially  striated,  a character, 
which  when  present  will  distinguish  it  from  Ilymenoleyyis  nana.  The 
substance  intermediate  between  the  outer  and  inner  membranes  is 
more  prominent  in  II.  dimimita,  and  there  are  no  filaments  attached 
to  the  poles  of  the  inner  membrane  as  in  II.  nana.  The  presence  of 
polar  papillte  on  the  inner  membrane  is  a characteristic  feature  of 
Hymenolejns  eggs  not  alwa^^s  readily  apparent.  The  filaments  in  the 
egg  of  II.  nana  are  often  difiicult  to  distinguish,  but  in  case  they  are 
not  seen  at  once,  careful  observation  of  a number  of  specimens,  espe- 
ciallv  if  an  immersion  lens  be  used,  will  usuallv  reveal  them. 

Charcot-Robin  crystals,  which  were  found  by  Leichtenstern  (1892) 
almost  constantly  present  in  the  feces  of  patients  with  helminthiasis, 
have  not  been  found  in  cases  of  Ilymenolepis  nana. 

It  is  doubtful  whether  the  spherical  bodies  described  by  Senna  and 
referred  to  above  (p.  33)  can  be  considered  of  diagnostic  importance. 
As  already  remarked.  Senna  at  first  considered  these  bodies  to  be  eggs 
in  course  of  development,  but  since  he  found  them  not  only  iw  feces 
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which  contained  eggs  of  H.  nana^  but  also  in  feces  in  which  the  pres- 
ence of  eggs  could  not  he  established,  he  was  inclined  to  discard  his 
former  interpretation.  It  is  possible,  in  those  cases  in  which  the 
spherical  bodies  but  no  eggs  w^ere  present,  that  there  were  in  reality 
worms  in  the  intestine,  which,  however,  had  not  attained  their  full 
growth;  consequently  the  eggs  had  only  partially  developed  and  were 
found  in  the  feces  only  in  their  immature  stages. 

TREATMEXT. 

Male  fern  is  the  only  remedy  which  has  met  with  any  degree  of  suc- 
cess in  the  treatment  of  Ilyinenolepis  nana.  Kousso,  kainala,  santonin, 
thymol,  or  pomegranate  proved  ineffective  in  the  cases  in  which  any 
of  these  were  tried  (Nos.  -t,  5,  T,  8,  38,  43,  48,  53,  89). 

The  usual  prec'autions  should  be  taken  in  the  treatment  with  male 
fern,  namely,  taking  care  to  have  the  patient  in  the  best  possible  phys- 
ical condition,  and  preceding  the  administration  of  the  t^eniacide  by  a 
preparatory  treatment  of  mild  laxatives  and  a light  diet  in  which  the 
amount  of  starchy  foods  is  reduced  to  a minimum  (Eichhorst,  1901a, 
p.  298).  In  the  technic  of  tapeworm  treatment  some  authors  recommend 
a salad  of  dried  herring,  garlic,  and  onions,  the  evening  before  the 
administration  of  the  male  fern;  this  procedure  was  followed  in  a num- 
ber of  cases  of  Ilymenolepis  nana.  but  to  what  advantage  does  not 
appear.  The  preparation  of  male  fern  to  be  emplo^^ed  is  the  olhcial 
oleo-resin  (Oleo-resina  aspidii,  U.  S.  P.),  or  ethereal  extract  of  European 
pharmacy,  which  must  be  fresh  to  be  effective.  The  dose  for  adults 
is  2 to  4 cc.  (d.  - There  is  some  danger  attending  iis  use;  a num- 

ber of  cases  are  on  record  in  which  poisoning  occurred,  several  result- 
ing fatally.  Six  drams  and  even  less  have  caused  death.  The  symp- 
toms of  poisoning  were  vomiting,  vertigo,  headache,  diarrhea,  severe 
pains  in  the  abdomen,  d}’spnea,  cold  sweat,  coma,  convulsions,  mania, 
and  temporary  or  permanent  blindness. 

After  the  preliminary  treatment  the  male  fern  is  given  in  the  morn- 
ing upon  an  empty  stomach.  In  its  administration  various  methods 
have  been  used;  it  has  been  given  in  pills,  mucilage,  syrup,  electuary 
with  calomel,  etc.  Eichhorst  (1901a,  p.  299)  has  obtained  satisfactoiy 
results  with  gelatin  capsules.  A number  of  small  doses  at  intervals, 
or  one,  two,  or  three  larger  doses,  may  be  given;  Mertens  (1892)  found 
the  latter  procedure  preferable. 

One  treatment  may  not  suffice  for  a cure;  in  at  least  20  of  the  cases 
of  II.  nana  the  eggs  were  found  in  the  feces  after  treatment,  usually 
after  an  interval  of  about  fifteen  da}"s,  and  in  several  instances  4 or  5 
repetitions  of  the  treatment  were  necessary. 
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PROPHYT^AXIS. 

Upon  the  assumption  that  H.  nana  of  man  is  the  same  form  as 
IL  murina  of  the  rat,  and  that  development  occurs  in  man  in  the 
manner  demonstrated  by  Grassi  for  the  rat,  namehy  without  a change 
of  hosts,  the  prophylactic  precautions  to  be  observed  are  evident. 

As  far  as  possible  banish  rats  and  mice  from  the  premises,  and  keep 
food  out  of  their  reach,  especially  food  that  is  eaten  raw,  or  after 
cooking  is  kept  for  some  time  before  being  eaten. 

Considering  also  the  possibility  that  some  insect  may  act  as  an  inter- 
mediate host,  insects  should,  on  this  account,  as  well  as  for  esthetic 
and  general  hygienic  reasons,  be  kept  out  of  the  food. 

Of  course  not  only  food,  but  other  objects  which  have  been  con- 
taminated by  the  feces  of  rats  or  mice,  or  of  an  infected  person,  may 
convey  infection  b}-  carrying  the  eggs  to  the  mouth;  hence,  articles 
(including  lingers)  which  are  placed  in  the  mouth  should  be  clean, 
and  unnecessaiw  objects  should  be  kept  out  of  the  mouth;  this  rule, 
which  is  applicable  also  in  a scheme  of  prophylaxis  against  parasitic 
infection  in  general,  should  be  enforced,  especially  in  the  case  of 
children,  who  are  notorious!}"  indiscreet  with  regard  to  what  the}"  put 
in  their  mouths,  and  in  view  of  the  possibility  mentioned  in  the  fore- 
going paragraph,  special  care  might  well  be  taken  that  they  do  not, 
accidentally  or  willfully,  put  in  the  mouth  and  swallow  insects.  The 
feces  of  infected  persons  should  be  properly  disposed  of. 

Blanchard  (1891a,  p.  105)  epitomizes  the  subject  of  prophylaxis  in 
the  following  words: 

From  whatever  point  of  view  examined,  the  great  problem  of  the  suppression  of 
parasitic  diseases,  whether  they  be  infectious  or  not,  is  summed  up  in  this  formula: 
Cleanliness,  always  cleanliness. 

The  Fiavopunctate  Tapeworm — HYMENOLEPIS  DIMINUTA  (Rudolphi,  i8ig) 
V.  Blanchard,  i8gi. 

HISTORICAL  REVIEAV. 

The  original  description^  of  the  species  Hymenolepis  diminuta  was 
given  by  Rudolphi  (1819,  pp.  689-690)  as  follows: 

«A  quelque  point  de  vue  qu’on  1’ examine,  le  grand  probleme  de  la  suppression 
des  maladies  parasitaires,  qu’elles  soient  on  non  infectieuses,  se  resume  done  en  cette 
formule:  de  la  proprete,  encore  de  la  proprete. 

^ Tsenia  diminuta  R.  n.  sp. — T.  capite  obconico,  collo  longo,  tenui;' articulis  anticis 
bevissimis  [sic],  reliquis  subcuneatis  obtusis.  Hah.  In  intestinis  J/wrus  ratti  gravidi 
Olfers  in  Brasilia  reperit. 

Specimina  sex  ad  novem  pollices  et  quod  excurrit  longa,  nam  fragmentis  computatis 
forsan  longiora.  Caput  obconicum,  oscidis  anticis  majusculis,  exacte  T.  omphalodis, 
quam  Mantiss,  p.  491,  descripsi,  sed  multo  minus,  unde  nomen  triviale  desumsi. 
Collum  longum  teniie.  Articuli  priores  rugseformes,  sensini  majores,  semper  tamen 
longitudinis  ratione  habita  breves,  angulis  obtusis;  posteriores  passim  irregulares, 
sed  breves.  Ova  subglobosa^  mediocria. 

Ohs.  Omphalodem  dixerim,  nisi  caput  multo  minus,  ova  major  forent;  haec  forsan 
in  Omphalode  crescere  posse  contenderes,  sed  caput  non  augebitur. 
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Tcenia  dimimita'R.  n.  sp. — Txnia:  Head  obconical ; neck  Ions:,  slender;  anterior  seg- 
ments very  short;  the  rest,  suhcuneate,  obtuse. 

Habitat. — Collected  by  Olfers  in  Brazil  from  the  intestines  of  a gravid  rat  {Hus 
rattiis).  Specimens  6 to  9 inches  or  more  in  length,  and,  since  the  measurements 
.were  taken  from  fragments,  perhaps  longer.  Head  obconical,  with  rather  large 
suckers  situated  anteriorly;  it  is  similar  to  that  of  T.  omphalodes  (described,  Mantissa 
[Rudolphi,  1819],  p.  491),  but  much  smaller,  for  which  reason  I have  chosen  the 
specific  name  Idiminuta'].  Xeck  long  and  slender.  Segments  at  first  resembling  cor- 
rugations, gradually  becoming  larger,  with  their  length  always  remaining  less  than 
their  width,  with  obtuse  angles;  posterior  segments  more  or  less  variable,  but  short. 
Eggs  subglobose,  of  medium  size. 

Note. — I would  have  said  it  were  omphalodes  if  the  head  were  not  much  smaller 
and  the  eggs  larger;  the  contention  might  be  made  that  the  eggs  of  omphalodes  could 
grow  larger;  a head,  however,  will  not  increase  in  size.  (Translation). 

Some  years  later  Creplin  (1825a,  pp.  T1-T2)  described  as  a new  spe- 
cies a tapeworm  from  the  rat  which  he  named  T^nia  leptocephala. 
The  following  is  translated  from  his  description:" 

Taenia:  Head  slender;  suckers  large,  globose;  rostellum,  conical,  truncated, 
unarmed;  neck,  continuous,  elongated;  segments  all  short. 

Habitat. — I once  collected,  April  19,  1822,  two  specimens  of  this  tapeworm  in  the 
intestines  of  a mouse  {Hus  musculus).  Of  these  I took  out  only  one  with  a head,  and 
u fragment  of  the  posterior  part  of  the  body. 

I am  compelled  to  give  a description  from  these  specimens  as  already  preserved 
for  some  time  in  alcohol,  since  I did  not  have  time  to  examine  them  when  they 
were  fresh. 

The  length  of  the  worm  with  the  head  equals  10  to  11  inches;  of  the  other  without 
a head  about  9.  The  width,  decreasing  from  the  tail  toward  the  head,  measures  a 
little  more  than  a line  at  its  maximum  in  the  posterior  part  of  the  body.  Color 
white. 

Head  small,  slender,  furnished  with  large  globose  suckers,  which  when  projecting 
have  orbicular  apertures,  likewise  large,  and  with  a rostellum,  conical,  truncated, 
and  unarmed.  With  the  suckers  withdrawn  the  length  of  the  head  equals  its 
thickness  at  the  base.  Xeck  rather  long,  slender,  continuous  with  the  head,  flat- 
tened. Anterior  segments  resembling  corrugations;  following  segments  very  short, 

a T.  capite  tenui,  osculis  maximis  globosis,  rostello  conico  truncato  inernii,  collo 
continuo  elongato,  articulis  omnibus  brevibus. 

Hab.  Semel  (d.  19.  Apr.  1822)  in  int.  Huris  musculi  offendi  hujus  Tgeniye  duo 
specimina,  quorum  alterum  solum  cum  capite  extraxi,  et  fragmentum  corporis 
postici. 

Descriptionem  dare  coactus  sum  de  speciminibus  illis  jam  per  quoddam  tempus  in 
^piritu  vini  servatis,  cum  recentiuni  examinandorum  tempus  deficeret. 

Longitudo  A'ermis  capite  adhuc  gaudentis  sequat  decern  ad  undecim  pollices,  alte- 
rius  capite  privi  novem  circiter.  Latitudo,  a cauda  ad  caput  semper  decrescens, 
maxima,  postica  in  parte  lineam  parum  excedit.  Color  albus. 

Caput  parvum,  tenue,  mculis  vero  magnis,  globosis,  apertura  orbiculari  pariter 
magna,  exstantibus,  et  rostello  caput  ipsum  longitudine  et  basi  sua  etiam  crassitie 
(osculis  deductis)  jequante,  conico,  truncato,  inermi  instructum.  Collum  satis 
longum,  subtile,  cum  capite  continuum,  planum.  Articuli  antici  rugaeformes, 
sequentes  brevissimi,  marginibus  lateralibus  obtusis,  reliqui  omnes,  semper  breves, 
anticam  partem  paululum  contractam,  margines  laterales  interdum  convexiusculos, 
interdum  fere  rectos,  marginem  posteriorem  vero  tumidulum  exhibent.  Eltimi 
-articuli  non  adsimt.  Foramina  articulorum  non  vidi. 
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with  obtuse  lateral  margins;  all  the  rest,  always  short,  present  an  anterior  portion 
somewhat  contracted,  lateral  margins  sometimes  slightly  convex,  sometimes  almost 
straight,  and  a swollen  posterior  margin.  Final  segments  not  present.  Openings 
of  the  segments  not  seen.  (Translation.) 

Dujardin  (1815a,  p.  579,  pi.  12,  lig-.  G)  enlarged  upon  Creplin's 
account  of  the  species  Txnla  leptocepJiala.  adding  sufficient  detail  to 
furnish  a fairly  complete  description,  and  moreover  recognized  the 
apparent  identity  of  Creplin's  species  and  Tsenia  dimmuta  of  Rudolphi. 
As  translated  his  account  reads  as  follows: 

Txnki  leptocephala.(^ — From  100  to  500  mm.  long,  from  1.5  mm.  to  4 mm.  broad,  com- 
posed of  very  numerous  and  very  short  segments  four  to  nine  times  as  broad  as  long; 
head  almost  globular,  from  0.26  mm.  to  0.30  mm.  broad,  may  lengthen  itself  by 
means  of  a conical,  unarmed  rostellum,  sometimes  very  slender;  suckers  deep  with 
very  salient  edge,  0.16  mm.  broad;  first  segments  very  short,  the  following  ones 
(male)  six  to  nine  times  as  long  as  broad;  genital  orifices  unilateral;  penis  smooth, 
filiform;  eggs  almost  globular  with  three  envelopes;  the  outermost  smooth  at  first, 
then  finally  granular,  from  0.062  mm.  to  0.074  mm.  long;  the  middle  one  mem- 
branous; the  innermost  somewhat  quadrangular,  rounded,  from  0.041  mm.  to  0.042 
mm.  long;  embryo  fromO. 032mm.  to0.036mm.  with  hooks  fromO. 015mm.  toO.017  mm. 


O'  Tenia  leptocephale  ( Tsenia  leptocepliala) . — Long  de  100  a 500  mm.,  large  de  1 mm.  5 
a 4 mm.,  forme  d’articles  tres  nombreux  et  tres  courts,  quatre  a neuf  fois  aussi  larges 
que  longs;  tete  presque  globuleuse,  large  de  0 mm.  26  a 0 mm.  30,  pouvant  se  pro- 
longer  en  une  trompe  conique,  inerme,  quelquefois  tres  mince;  ventouses  profondes 
a bord  tres  saillant,  larges  de  0 mm.  16;  premiers  articles  tres  courts,  les  suivants 
(males). six  a neuf  fois  aussi  longs  que  larges;  orifices  genitaux  unilateraux;  penis 
lisses,  filiformes;  oeufs  presque  globuleux  a trois  enveloppes;  Texterne  lisse  d’abord, 
puis  finement  granuleuse,  longue  de  0 mm.  062  de  0 mm.  074;  la  moyenne  mem- 
braneuse;  I’interne  un  peu  quadrangulaire,  arrondie,  longue  de  0 mm.  041  a 0 mm. 
042;  embryon  de  0 mm.  032  a 0 mm.  036  avec  des  crochets  de  0 mm.  015  a 0 mm.  017. 

Sous  ce  nom,  donne  par  M.  Creplin  a un  tenia  incompletement  decrit,  je  reunis 
plusieurs  tenias  dont  il  faudra  peut-etre  faire  deux  ou  trois  especes;  savoir:  1°  un 
tenia  long  de  520  mm.,  large  de  4 mm.  en  arriere,  avec  la  tete  de  0 mm.  285,  trouve  dans 
un  rat  (3/w.s  rattus)  a Eennes,  ses  penis  ou  lemnisques  sont  larges  de  0 mm.  019,  sail- 
lants  de  0mm.  06,  ses  testicules  sont  flexueux  et  non  pelotonnes  et  ne  s’avancent  pas 
au-dela  du  milieu  de  chaque  article;  ses  oeufs  ont  I’enveloppe  externe  elliptique 
longue  de  0 mm.  066  0 mm.  074;  2°  plusieurs  tenias  trouves  a Rennes  dans  des  sur- 

mulots  (Mus  decumanus)  ayant  la  tete  large  de  0 mm.  24  a 0 mm.  26,  les  penis  peu 
saillants,  larges  de  0 mm.  016,  et  les  testicules  replies  et  pelotonnes  dans  presque 
toute  la  largeur  des  articles  males;  les  oeufs  presque  globuleux  sont  longs  de 
0 mm.  068;  3°  fragments  de  tenia  longs  de  100  a 200  mm.  provenant  d’un  autre  sur- 
mulot,  et  remarquables  par  leurs  penis  tres  longs,  filiformes,  larges  de  0 mm.  028;  les 
derniers  articles  larges  de  2 mm.  2 sont  longs  de  0 mm.  75  et  contiennent  des  oeufs 
ronds  larges  de  0 mm.  068;  4®  des  tenias  longs  de  plus  de  150  mm.,  sans  tete,  trouves 
dans  deux  mulots  {Mus  pflvaticus)  a Rennes;  ils  sont  larges  de  0 mm.  7 en  avant  et  de 
4 mm.  5 a 5 mm.  en  arriere,  ou  les  derniers  articles  remplis  d’oeufs  sont  dix  a quinze 
fois  aussi  larges  que  longs;  les  articles  intermediaires  males  ont  le  receptacle  du  penis 
en  forme  de  massue,  ils  laissent  sortir  des  spermatozoides  filiformes  tres-longs,  mais  je 
n’ai  pas  vu  de  penis  saillant;  les  oeufs  sont  globuleux,  larges  de  0 mm.  062  a 0 mm.  07, 
mais  plus  ordinairement  de  0 mm.  065;  leur  coque  est  granuleuse  (voyez  Atlas,  pi. 
12). — II  faut,  je  crois,  rapporter  a la  meme  espece  celle  que  Rudolphi  nomme  Tsenia 
diminuta.  _ 
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Fi&.  68.— Strobila  of  H.  dimi- 
nuta.  Natural  size.  (After 
Weinland,  1861,  pi.  4,  fig.  10, 
from  Leuckart,  1863,  p.  398, 
fig.  116.) 


Under  this  name,  given  by  M.  Creplin  to  an  incompletely  described  tapeworm,  I 
include  several  tapeworms  which  will  perhaps  have  to  be  subdivided  into  two  or 

three  species,  namely:  First,  a tapeworm  520  mm.  long, 
4 mm.  broad  in  the  posterior  portion,  with  a head  0.285 
mm.  [broad],  found  in  a rat  {Mas  rattus)  at  Rennes;  its 
penes,  or  lemnisci,  are  0.019  mm.  broad,  projecting  0.06 
mm. ; its  testicles  [probably  misinterpretation  of  seminal 
vesicle  and  receptacle]  are  flexuous  and  not  conglobate, 
and  do  not  project  beyond  the  middle  of  each  segment;  the 
external  envelope  of  its  eggs  is  elliptical,  from  0,066  mm, 
to  0.074  mm.  long;  second,  several  tapeworms  found  at 
Rennes  in  brown  rats  {Mus  dectunanus)  with  a head  from 
0.24  mm.  to  0.26  mm.  broad,  the  penis  not  very  salient,  0.016 
mm.  broad,  and  the  testicles  [probably  misinterpretation 
of  seminal  vesicle  and  receptacle]  folded  and  conglobate, 
throughout  almost  the  whole  breadth  of  the  male  segments; 
the  eggs,  almost  globular,  are  0.068  mm,  long;  third,  frag- 
ments of  tapeworm  from  100  to  200  mm.  long,  coming  from 
another  brown  rat,  and  remarkable  because  of  their  very 
long  filiform  penis,  0.028  mm.  broad;  the  last  segments,  2.2 
mm.  broad,  are  0.75  mm,  long,  and  contain  round  eggs 
0.068  mm.  broad;  fourth,  tapeworms  more  than  150  mm. 
long,  without  a head,  found  in  two  field  mice  {Mus  sijlvati- 
cus)  at  Rennes;  they  are  0.7  mm.  broad  in  the  anterior  por- 
tion and  from  4.5  mm.  to  5 mm.  in  the  posterior  portion, 
where  the  last  segments,  filled  with  eggs,  are  ten  to  fifteen 
times  as  broad  as  long,  the  receptacle  of  the  penis  in  these  intermediate  male  seg- 
ments is  club-shaped;  these  segments  send  out  very  long  filiform  spermatozoa,  but  I 
did  not  see  a salient  penis;  the  eggs  are  globular,  from 
0.062  mm.  to  0.07  mm.  broad,  but  more  commonly  0.065  | 

mm.  broad;  their  shell  is  granular  (see  Atlas,  pi.  12).  I 
think  we  should  refer  to  the  same  species  that  which 
Rudolphi  calls  Tsenia  diminuta.  (Translation.) 

Weinland  (1858)  was  the  first  to  report  the 
occurrence  of  IIpne?iolepis  dwiiniita  in  msin\  he 
described  it  as  a new^  species,  Ilyrnenolepis 
flavopunctata.  in  the  following  words  (see  also 
V 98); 

The  length  of  the  whole  worm  is  between  200  and  300 
mm,,  that  is,  from  8 to  12  inches.  There  were  pieces  of  50 
mm.  in  length,  consisting  of  very  young  joints,  only  one- 
fifth  mm.  long  and  1 to  11  mm.  broad;  again,  other  pieces, 
about  100  mm.  long,  consisting  in  their  anterior  half  of 
white,  immature  joints,  one-third  to  one-half  mm.  long, 
and  11  to  2 mm.  broad,  while  the  mature  joints  of  the  poste- 
rior half,  which  are  of  a grayish  tint  (produced  by  the  eggs 
which  they  contain),  average  1 mm.  in  length  and  11  to  2 
in  breadth.  In  the  young  joints  the  sides  form  straight 
lines,  the  transverse  diameter  being  equal  throughout  the 

joint;  in  the  riper  ones  they  are  round  and  bulged,  and  the  transverse  diameter 
is  the  greatest  in  the  midst  of  each  joint.  One  of  the  pieces,  which  is  especially 
mentioned  in  the  catalogue  of  Dr.  J.  B.  S.  Jackson,  shows  the  form  of  the  joints 
when  fully  matured  and  soon  to  be  freed  as  proglottides.  They  are  in  this  specimen 


nuta.  Natural  size.  After 
E.  Parona,  1884.  fig.  1.) 
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triangular  in  shape,  being  narrow  in  front  and  suddenly  broadening  behitid,  evi- 
dently having  already  discharged  the  eggs  from  the  anterior  part  of  the  joint,  Avhile 
generally  proglottides  deposit  their  eggs  only  after  they  are  free.  In  other  speci- 
mens these  last  joints,  being  yet  quite 
full  of  eggs,  are  more  oblong,  even  with 
the  transverse  diameter  longer  than  the 
longitudinal.  In  either  case  the  proglot- 
tides are  very  loosely  connected  with  each 
other.  In  relation  to  the  genital  organs, 
we  have  mentioned  above  the  yellowish 
spot  lying  near  the  middle  line  in  the  an- 
terior part  of  each  joint,  and  it  is  for  this 
we  have  called  the  species  flavopunctata. 

These  spots  are  the  testicles  [seminal  re- 
ceptacle, see  p.  89  ] , appearing  under  the 
microscope  as  a globular  gland,  with 
another  smaller  one  attached  to  it;  this 
latter  one  runs  out,  toward  the  side  of  the 
joint,  into  a long,  slender  canal,  in  which 
lies  the  penis.  The  genital  openings  are 
situated  all  on  one  and  the  same  side  of 
the  worm,  while  in  all  true  Tfcnias  (see 
p.  51,  note)  known  thus  far,  they  are  found 
irregularly,  now  on  one,  now  on  the  other 
side.  The  configuration  of  the  uterus, 
also,  differs  greatly  from  that  in  tlie  gen- 
uine Tsenias.  There  is  no  main  stem  in 
the  midst  with  lateral  branches,  as  in  the 
latter;  but,  on  the  contrary,  the  eggs  are 
crowded  over  the  whole  joint.  It  some- 
times appears  as  if  they  were  arranged  in 
straight  lines  along  the  joint;  but  this  is 
certainly  owing  only  to  the  regular  lines 
of  muscular  contractions.  Only  fresh 
specimens  can  decide  ultimately  the 
structure  of  the  uterus.  From  a careful 
dissection  of  the  younger  joints,  we  should 
judge  that  it  consists  of  globular  blind 
sacs,  located  here  and  there  in  the  joint, 
and  connected  by  fine  tubes  terminating 
finally  in  the  vagina.  The  most  charac- 
teristic feature  in  this  worm  is  its  eggs, 
the  number  of  which  may  be  counted  by 
thousands  in  each  ripe  joint.  They  are 
very  large,  measuring  0.054  mm.  in  diam- 
eter, and  under  a low  power  of  the  micro- 
scope appear  as  transparent  balls  with  a 
yellow  dot  in  them.  With  a higher 
power,  we  easily  distinguish  three  dis- 
tinct eggshells  (figs.  9,  1,  a,  b,  c).  The 
outside  shell  is  translucent,  elastic,  cracking  in  sharp  angles  under  pressure,  and  only 
0.0007  mm.  thick;  this  shell  is  folded  by  application  of  glycerin.  The  second  shell 
is  membranaceous  and  irregidarly  wrinkled,  thinner  than  the  first,  and  immediately 
attached  to  it.  This  second  shell,  showing  through  the  first,  gives  to  the  whole  sur- 


Fig.  70. — Hymenolepis  diminuta.  Natural 
(After  Gfrassi,  1888  1,  pi.  11,  fig.  1.) 


size. 
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face  of  the  egg  a wrinkled  appearance,  though  the  first  shell  is  in  reality  entirely 
smooth.  The  large  cavity  which  is  formed  by  these  two  outside  shells  contains  a 
fluid  (this  fluid,  which  has  the  appearance  of  albumen,  turns  milk  white  when 
brought  into  contact  with  water.  Such  an  albuminous  fluid  between  the  two  egg- 
shells has  also  been  noticed  by  Dujardin  in  the  eggs  of  a Taenioid  from  Fringilla 
domestica,  L.),  in  which  swims  the  small  globular  embryo  (measuring  only  0.024 
mm.),  inclosed  in  a third  shell,  closely  attached  to  it,  but  of  considerable  thickness 
(0.001  mm.).  IVe  can  not  state  with  certainty  that  there  are  three  pail's  of  spines  to 
this  embryo;  if  there  are  any,  they  must  be  very  small. 

A number  of  points  were  added  to  Weinland's  description,  and  sev- 
eral errors  corrected  by  Leuckart  (1863.  pp.  397-400)  from  a study  of 
material  obtained  from  Weinland. 

That  Ilymenoleph  fiavopunctata  AVeinland  from  man  is  in  reality 
the  same  form  as  Tsenia  leptoceplicda  Creplin  and  Tsenia  dirninuta 
Rudolphi  was  definitely  established  by  Grassi  (18881). 

The  most  complete  anatomical  description  of  Tlymenolepis  dtmimda 
which  has  appeared  is  that  given  by  Zschokke  (1889.  pp.  63-73.  figs. 
21-24). 

Two  species  veiw  similar  to  II.  dirninuta  are  known,  Ilyrnenolepis 
relicta  (Zschokke)  from  the  rat.  and  II  rnegaloon  Linstow  from 
a gopher  {Sperrnophilus  sp.).  The  former,  although  described  bt’ 
Zschokke  as  a distinct  species,  is  so  nearly  like  II.  dirnimda 
is  a question  whether  the  two  ought  not  to  be  united  in  the  one  spe- 
cies, II.  dimimda.  Practicallv  the  onlv  distinguishing  characteristics 
seem  to  be  difi'erences  in  the  length  and  the  number  of  segments,  upon 
the  basis  of  which  it  would  be  a veiy  difiicult  matter  to  draw  a line 
separating  the  two  forms.  The  second  form,  II.  rnegaloon^  which 
was  described  briefly  lyv  Linstow  (1901).  resembles  II.  dirninuta 
except  in  one  or  two  minor  details,  and  is  a A’ery  nearly  related 
species. 

ANATOMICAL  DESCRIPTION. 

The  following  account  of  the  anatomy  of  Ilyrnenolepis  dirninuta  is 
based  upon  previous  descriptions  supplemented  by  original  observa- 
tions upon  specimens  both  from  man  and  from  rats: 

EXTERNAL  ANATOMY. 

Strohila. — The  length  varies  from  10  to  60  cm.  and  the  breadth  pos- 
teriorly is  from  2.5  to  4 mm.  or  as  much  as  (?)  7 mm.  (Packard,  1900). 

Head. — The  size  and  form  of  the  head  (figs.  71-74)  are  variable, 
2u0  to  600  p in  width,  almost  globular,  but  rather  flattened;  with 
4 suckers,  placed  somewhat  anteriorly,  80  to  160  p in  diameter,  and 
a rudimentary,  unarmed  rostellum. 

Rostellurn. — The  rostellum  is  in  all  essentials  exactly  similar  to  the 
rostellum  of  Ilyrnenolepis  carioca,  (see  Ransom,  1902).  AVhen  in  a state 
of  retraction  the  rostellum  (figs.  72-74)  has  the  appearance  of  a small 
elongated  muscular  sac  embedded  in  the  substance  of  the  anterior  part 
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of  the  head,  with  a very  slender,  tube-like  cavity  extending  into  its 
anterior  end  from  the  outside.  This  caAuty  is  lined  with  cuticula  con- 
tinuous Avith  the  cuticula  coA^ering  the  head,  and  is  thus  evidently 
produced  by  a simple  iiiA^agination.  The  rostellum  is  sometimes  seen 
slight!}"  protracted,  forming  thus  a conical  tip  on  the  anterior  surface 
of  the  head.  When  retracted,  the  rostellum  measured  in  two  speci- 
mens 100  by  10  yw  and  100  by  80  ^ in  length  and  width,  respectiA'ely. 
LinstoAv  (18T8b),  as  Grassi  (18881)  has  remarked,  erroneously  described 
the  rostellum  of  II.  diininuta  as  a fifth  sucker. 

Neck. — The  neck  (hg.  72)  is  short.  0.5  mm.  (Grassi,  18881),  and  is 
generally  somewhat  smaller  in  diameter  than  the  head. 


Fig.  71. — Head  and  neck  of  H.  diminuta  from  man.  Enlarged.  (After  E.  Parona.  1884,  fig.  4.) 

Fig. -72. — Head  and  anterior  portion  of  H.  diminuta  from  rat.  Enlarged.  (After  Zscliokke,  1889,  pi.  1, 
fig.  21.) 

Fig.  73. — Head  of  H.  diminuta.  Enlarged.  (After  Grassi,  18881,  pi.  11,  fig.  5.) 

Fig.  74. — Head  of  II.  diminuta:  ar.,  sucker;  e:c.  cati.,  excretory  canals;  ros.,  rostellum.  Enlarged. 
(After  Grassi,  18881,  pi.  11,  fig.  2.) 


SegmenU. — The  segments  number  800  to  1,000  (Zschoklve,  1889), 
l,30O  (Magalhaes,  1896).  As  in  nearly  all  tapeworms  of  numerous  seg- 
ments this  character  Avill  be  found  to  A"ary  greatly.  The  A"oung  seg- 
ments are  20  times  as  wide  as  long.  The  width  of  mature  segments 
is  15  to  20  times  the  length.  6 to  10  times,  or  eA"en  not  so  much  as 
twice,  the  length.  The  posterior  borders  of  the  segments  are  only 
slightly  longer  than  the  anterior  borders  of  the  following  segments, 
and  the  appearance  of  serration  is  thus  onh"  slightly  marked. 

Genital  jjores. — The  genital  pores  (figs.  T5-TT,  79,  80,  82,  83,  85,  87) 
are  unilateral,  situated  on  the  left  side  in  the  anterior  part  of  each 
segment  at  about  the  junction  of  the  anterior  and  middle  thirds. 
Occasionally  the  genital  pore  opens  on  the  opposite  side  of  the  seg- 
ment, but  comparatiA"ely  only  a A"ery  few  segments  haA"e  the  genital 
openings  on  the  right  side  instead  of  the  left. 
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Fig.  77.— Proglottidsof  H.  diminuta  showing  usual,  A,  and  unusual,  B,  position  of  testes.  Enlarged. 
(After  Grassi,  18881,  pi.  11,  fig.  14.) 

Fig.  78. — Portion  of  strobila  of  H.  diminuta  about  4 cm.  from  the  head.  Enlarged.  (After  E.  Parona, 
1884,  fig.  5.) 

Fig.  79. — Portion  from  the  middle  of  strobila  of  H.  diminuta.  Enlarged.  (After  E.  Parona,' 1884, 
fig.  6.) 

each  segment  also,  according  to  Zschokke  (1889),  the  lateral  trunks 
give  off  in  the  anterior  and  posterior  regions  of  the  proglottis, 
respectively,  two  nerves  which  run  mediad,  one  in  the  cortical  portion 
of  the  parenchyma,  i.  e..  outside  the  layer  of  transverse  muscle  libers. 


INTERNAL  ANATOMY. 

Calcareous  corjnisdes  are  present,  more  commonly  noticed  in  the 
anterior  part  of  the  strobila.  are  of  variable  size  and  form,  but  gener- 
ally oval,  measurino'  8 to  13  /f  by  1 to  6 (ffg.  Tl). 

XEPtVOUS  SYSTEM. — Two  prominent  long ituclinal  nerve  trunhs  extend 
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Fig.  75. — Proglottid  of  H.  diminuta  showing  niale  organs:  c.  p.,  cirrus  pouch:  t.,  testis:  r.  def..  vas  def- 
erens; ves.  sem.,  vesicula  seminalis.  Enlarged.  (After  Grassi,  18881.  pi.  11,  fig.  10.) 

Fig.  76. — Proglottid  of  showing  female  organs:  ov.,  ovary:  rec.  scm.,  receptaculum  semi- 

nis;  rag.,  vagina;  y.  g.,  yolk  gland.  Enlarged.  (After  Grassi,  18881,  pi.  11,  fig.  10.) 


throughout  the  strobila,  one  on  each  side,  situated  a short  distance 
laterad  from  the  excretory  vessels.  Two  small  accessory  longitudinal 
nerves  are  also  present  on  each  side,  lying  close  to  the  dorsal  and 
ventral  sides,  respectively,  of  the  main  lateral  longitudinal  nerre.  In 
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and  the  other  in  the  central  portion,  namely,  beneath  the  transverse 
muscles.  These  undoubtedly  represent  commissures  which  are  known 
to  occur  in  other  forms,  connecting  the  lateral  longitudinal  nerves. 
In  the  regions  where  these  commissural  nerves  are  given  off  the 
lateral  nerves  present  ganglionic  enlargements  (Zschokke.  1889).  The 


Fig.  80. — Male  and  female  organs  of  H.  diminuta.  Transverse  section:  c.p.,  cirrus  pouch;  g.  j).,  gen- 
ital pore;  or.,  ovary;  rec.  scm.,  receptaculum  seminis;  s.  g.,  shell  gland;  t.,  testis;  id.,  uterus;  vag., 
vagina;  v.  dej.,  vas  deferens;  r.  ef.,  vas  efferens;  ves.  sem..  ve.sicula  seminalis;  y.  g.,  yolk  gland. 
Enlarged.  (After  Zschokke,  1889,  pi.  2,  fig.  22.) 

nerve  trunks  turn  inward  in  the  scolex.  become  thicker  and  are 
united  at  the  base  of  the  rostellum  by  a commissure  richly  supplied 
with  nerve  cells.  Four  nerves  extend  forward  along  the  sides  of  the 
rostellum.  within  which,  also,  nervous  elements  are  distinguishable. 
Although  neither  an  anterior  nerve  ring  surrounding  the  anterior  part 
of  the  rostellum,  nor  nerves  to  the  suckers  have  been  deffnitely  seen, 
Zschokke  (1889)  considers  their  exis- 
tence probable,  upon  the  basis  of 
analogy  with  other  forms. 

Muscular  syste3i. — Besides  the 
subcuticular  and  longitudi- 

nal muscle  fibres,  there  are  present 
throughout  the  strobila,  longitudi- 
nal, transverse,  and  dorso-ventral 
muscle'  fibers.  The  longitudinal 
filjers  are  arranged  in  bundles  of  8 
to  15  fibers  which  are  placed  in  two 
series,  an  outer  series  or  layer  just 
beneath  the  layer  of  ff  ask-like  sub- 
cuticular cells  which  lie  beneath  the 
cuticula,  and  a second  series,  more  or  less  distinct  from  the  first,  and  . 
more  internally  situated.  The  bundles  are  connected  by  numerous 
oblique  fibers.  The  number  of  bundles  is  variable,  but  the  bundles 
of  the  outer  layer  are  more  numerous  than  those  of  the  second.  Fol- 
lowing the  longitudinal  fibers  forward  into  the  neck  and  scolex,  the 
fibers  of  the  outer  series  are  seen,  bv  the  study  of  sections,  to  be 
derived  from  subcuticular  longitudinal  fibers  of  that  region,  while  the 
fibers  of  the  inner  series  continue  on  into  the  scolex  and  attach  to  the 
suckers  and  rostellum^  relations  already  established  by  Liihe  (189i, 


Fig.  81. — Point  of  union  of  female  canals  of  K. 
diminuta:  ovd.,  oviduct;  or.  isth.,  isthmus 
connecting  the  right  and  left  lobes  of  the 
ovary;  rec.  sem.,  receptaculum  seminis;  s.  g., 
shell  gland;  y.  d..  yolk  duct.  Enlarged. 
(After  Zschokke.  1889.  pi.  2.  fig.  23.) 
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189(3)  for  other  species,  and  referred  to  above  in  connection  with 
Hyrnenolejjis  nana. 

Transverse  fibers  are  comparatively  few,  and  are  prominent  at  all, 
only  in  the  region  where  one  segment  joins  the  next.  The  dnrso- 
vent  rat  fibers  are  also  more  prominently  developed  near  the  junction  of 
the  segments. 


Fig.  82.— Pro^l  ttid  of  H.  diminuta  by  transmitted  light.  Uterus  developed  and  containing  ova:  ov., 
ovary;  t.,  teste;:  ah,  uterus;  ves.  sem.,  rec.  ae/ft.,vesicula  seminalis  and  receptaculum  seminis;  r.  ex.  can., 
ventral  lateral  excretory  canal;  y,  g.,  yolk  gland.  Enlarged.  (After  Grassi,  18881,  pi.  11,  fig.  12.) 


The  rostellum  is  supplied  with  longitudinal  and  circular  libers,  an 
outer  longitudinal  and  inner  circular  (Zschokke.  1889).  In  the  scolex 
there  are  found  muscle  libers  running*  in  various  directions,  with 
various  attachments. 

Excketory  system. — The  excretory  canals  (tigs.  71,  82.  81,  88)  are 
laterally  situated.  The  ventral  pair  as  usual  are  much  the  larger,  and 

are  connected  in  the  posterior  part 
of  each  seg’nient  by  a transverse 
canal  (hg.  81)  of  smaller  caliber. 
The  dorsal  canals  lie  close  to  the 
dorsal  side  of  the  ventral  canals,, 
and  are  much  smaller  except  in 
the  scolex  and  the  anterior  part 
of  the  .strobila  where  the  ventral 
canals  are  of  small  diameter,  onh" 
a little  larger  than  the  dorsal 
canals  (fig.  71).  In  the  scolex 
there  is  an  anastomosis  of  the 
four  canals  behind  the  rostellum.  Extending  forward  from  this  anas- 
tomosis, there  are  two  loops,  one  on  either  side  of  the  rostellum,  into 
which  also,  the  excretorv  svstem  is  extended  bv  means  of  four  verv 
slender  canals,  which  unite  in  the  rostellum  to  form  two  closed 
loops,  the  dorsal  canal  of  each  side  uniting  with  the  corresponding 
ventral  canal.  Similar  loops,  as  found  by  Mingazzini  (1899),  in 
Hyraenolepis  nana  have  already^  been  mentioned  in  connection  with 
that  form. 


■ rec. sen?. 

i.1- ; I 


Fig.  83. — Proglottid  of  H.  diminuta  further  devel- 
oped than  fig.  79:  rec.  sem.,  receptaculum  seminis: 
t.,  remnants  of  testes;  ut.,  uterus.  Enlarged. 
(After  Grassi,  18881,  pi.  11,  fig.  12.) 
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Keproductive  system. — The  male  reproductive  organs  develop 
more  rapidly  than  the  female  and  reach  maturity  sooner. 

The  cirrus  pouch  and  vagina  cross  the  excretorv  canals  and  the 
lono’itudinal  nerve  on  the  dorsal  side. 

Male  organs. — Three  testes  {t.^  hgs.  75,  80,  82,  83)  are  normally 
present,  two  to  the  right  and  one  to  the  left  of  the  mass  of  female 
glands  which  occup}"  the  median  portion  of  the  proglottis.  Two  testes, 
however,  may  often  be  found  occupying  the  side  toward  the  genital 
pore  and  only  one  on  the  other  side  (lig.  77B).  Exceptionally,  also, 
onh^  two  may  be  present,  or  there  ma}'  be  four  to  six.  In  shape  the 
testes  are  oval  or  spherical  and  when  fulh"  developed  occupy  nearh" 
the  entire  thickness  of  the  central  parenchyma. 

Vasa  efferentia  (y.  ef. , hg.  80)  lead  from  the  dorsal  sides  of  the  testes, 
and  the  three  canals  converging  to  meet  near  the  median  line  in  the 
dorsal  portion  of  the  central  parenchvma  unite  to  form  the  ras  defer- 
ens (v.  def,  tigs.  75,  80)  which  passes  laterad  near  the  anterior  border 


Fig.  84. — Longitudinal  section  of  proglottid  of  II.  diminuta  showing  the  arrangement  of  the  uterus: 
ut.,  uterus;  v.  ex.  can.,  ventral  lateral  excretory  canal.  Enlarged.  (After  Zschokke,  1889,  pi.  2, 
fig.  24.) 

of  the  segment,  in  the  direction  of  the  genital  pore.  Before  reaching 
the  cirrus  pouch,  however,  the  vas  deferens  is  dilated  to  form  a large 
p}M'iform  seminal  vesicle  {ves.  sem..^  tigs.  75,  80,  82). 

The  cirrus  j)ouch  {c.  hgs.  75,  80)  is  claviform  and  well  supplied 
with  circular  and  longitudinal  muscle  fibers.  Fibers  directed  in  an 
oblique  or  spiral  direction  are  also  often  apparent.  The  vas  deferens 
within  the  cirrus  pouch  is  supplied  with  muscle  fibers:  it  becomes 
narrow  and  forms  the  slender  cirrus.,  an  organ  bent  and  twisted  when 
in  a state  of  retraction,  but  which  may  be  straightened  and  extended 
through  the  genital  pore  a distance  of  50  to  60  }u.  In  sections  the 
cirrus  is  occasionally  seen  protracted  and  entered  for  a considerable 
distance  into  the  vagina  of  the  same  segment. 

After  they  have  fulfilled  their  function,  the  testes  degenerate,  but 
traces  of  them  are  often  distinguishable  even  in  the  oldest  segments 
(^.,  fig.  83).  After  it  once  reaches  maturity"  the  cirrus  pouch  continues 
with  little  apparent  change  to  the  end  of  the  strobila. 

Fernale  organs. — The  vagina  fag..,  figs.  76,  80)  opens  into  the  genital 
poi*e  on  the  ventral  side  of  the  cirrus  pouch.  It  soon  dilates  into  a 
large,  elongated,  and  very  prominent  seminal  recejitacle  fee.  sein..^ 
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fig’s.  76,  80-83)  which  extends  inward  nearly  to  the  middle  line.  It  is 
this  organ  filled  with  sperm  which  appears  as  the  yellow  spot,  and 
furnished  the  w^YHQjlavojnmctata  of  Weinland.  AV einland  erroneously 
interiDreted  this  organ  as  a testis. 


Fig.  85. — Immature  proglottids  of  II.  diminuta.  Enlarged.  (After  Stein.  1882,  pi.  13,  fig.  10.) 

Fig.  86.— Gravid  proglottids  of  II.  dimimda.  Enlarged.  (After  Stein,  1882,  pi,  13,  fig.  11.) 

Near  the  middle  of  the  segment  the  >eminal  receptacle  ends  and 
opens  into  the  middle  of  the  oviduct  hy  a narrow  tube  (fig.  81). 
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Fig.  87.— Gravid  proglottids  of  H.  diminuta  (one  sterile).  Enlarged.  (After  Leuckart,  1863,  p.  399, 
fig.  117.) 

Fig.  88. — One-half  of  two  fertile  joints  of  II.  dimimda,  with  that  of  an  intervening  sterile  joint. 
Enlarged.  (After  Leidy,  1884a,  p.  111.) 

The  ovary  {ov.^  figs.  76,  80,  82)  is  more  or  less  bilgbed  and  situated 
in  the  median  part  of  the  proglottis.  The  oviduct  {ovd..  figs.  80,  81) 
leading  from  the  ovaiw  runs  first  forward,  is  joined  by  the  narrow 
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Fig.  89. — Proglottids  of  H.  diminuta  from  pos- 
terior portion  of  strobila.  Enlarged.  (After 
E.  Parona,  188-J.  fig.  7.) 


tube  from  the  seminal  receptacle,  then  turns  toward  the  ventral 
surface  and  backward,  and  in  the  midst  of  the  complex  of  cells,  known 
as  the  shell  gland,  is  joined  bv  the  duct  from  the  yolk  gland.  The 
s/iell  gland  (.y.  r/..  tigs.  SO,  81)  is  a little  rounded  mass  which  lies  between 
the  right  and  left  lobes  of  the  ovary.  The  yolJc  gland  iy.  ^..  hgs.  76. 
80-82)  is  lenticular  in  shape  and  situated  on  the  ventral  side  of  the 
shell  gland  and  somewhat  more  pos- 
teriorly. With  respect  to  the  main 
bod}'  of  the  ovary  the  yolk  and  shell 
glands  are  posterior  (caudad). 

From  its  point  of  union  in  the 
shell  gland  with  the  volk  duct  the 
oviduct  turns  forward  and  empties 
into  the  vterus  on  the  dorsal  side 
of  the  anterior  part  of  the  ovary 
(tigs.  80.  81).  The  uterus  at  first  is 
simply  a transversely  elongated  mass 
of  cells  without  a cavity,  but  as  it 
develops  becomes  hollowed  out  and 

the  tube  thus  formed  grows  in  various  directions,  sending  out  diver- 
ticula and  increasing  in  size  generally  so  as  to  gradually  fill  up  prac- 
tically the  entire  proglottis.  After  the  uterus  begins  to  grow  actWely 
the  ovary  quickly  disappears.  The  yoke  gland,  however,  remains 
apparent  for  a long  time.  According  to  the  degree  of  development 
which  the  uterus,  has  reached  it  is  evident  that  the  appearances  will  be 
somewhat  diflerent.  Zschokke  (1889).  for  example,  has  described  a 

condition  (fig.  84)  in  which 
the  uterus  has  the  form 
of  two  transverse  canals 

uniting  at  one  side  so  as 
© 

to  form  a loop,  the  two 
limbs  of  which  are  also 
connected  at  various  other 
points.  Grassi  (18881)  no- 
ticed in  sections  of  seg- 
ments  in  which  the  uterus 
had  not  reached  its  final 
development,  that  it  ap- 
peared as  a large  number  of  cavities  of  various  sizes  communicating 
with  one  another  (figs.  82,  83). 

As  the  uterus  grows  the  diverticula  become  crowded  together,  and 
the  eggs  form  a more  or  less  compact  mass  occupying  nearly  the  whole 
segment.  The  adult  uterus,  at  first  sight  apparently  a simple  sac  filled 
with  eggs,  is  thus  seen  to  be  more  complex;  its  cavity,  although  contin- 
uous, is  broken  up  by  incomplete  partitions,  and  by  innumerable  pro- 


Fig.  90. — Proglottis  of  H.  diminuta  containing  fully  developed 
ova,  rendered  transparent  Avith  potash.  Enlarged.  (After 
Grassi.  18881.  pi.  11.  fig.  15.) 
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cesses  invaginated  from  its  wails,  penetrating  everywhere  among  the 
eggs  as  in  Ilymenolepis  nana.  but  in  this  case  more  pronounced,  so  that 


Fig.  91. — Egg  of  II.  diminuta  from  the  woodmouse  {Mas  aylvatlcus) . Median  focus.  Enlarged. 
(After  Dujardiu,  1845a,  pi.  12,  fig.  Gl.) 

Fig.  92. — Egg  of  7/.  diminuta  from  the  woodmonse  {Mus  sijlvatictu^).  Superficial  focus.  Enlarged. 
(After  Dujardiu,  1845a,  pL  12,  fig.  G2.) 

Fig.  93. — Eggs  of  II.  diminuta  from  man.  Enlarged.  (After  Stein,  1882,  i:>h  13,  fig.  12.1 
Fig.  94. — Egg  of  II.  diminuta  from  rat.  Enlarged.  (After  Zschokke,  1889,  pi.  2,  hg.  30.) 

Fig.  9-5. — Egg  of  II.  diminuta  from  man,  as  seen  in  feces.  Enlarged.  (After  Grassi,  18881,  pi.  11,  fig.  16. ) 
Fig.  96. — Egg  of  II.  dirnimda  from  man,  as  seen  in  feces.  Enlarged.  (After  Grassi,  18881,  pi.  11, 
fig.  19.) 

Fig.  97. — Egg  of  II.  diminuta  from.  man.  (E.  Parona's  (18S4)  case.)  Enlarged.  (After  Bizzozero, 
1889a,  pi.  4,  fig.  g".) 

Fig.  98. — Egg  of  II.  diminuta  from  man.  Enlarged.  (After  Weinland,  1861,  pi.  4,  fig.  12.) 

Fig.  99. — Fully  developed  egg  of  II.  diminuta  from  man,  Avith  outer  membrane  broken  and  inter- 
mediate substance  protruding.  Enlarged.  (After  Weinland,  1861,  pi.  4,  fig.  13.) 

Fig.  100. — Egg  of  H.  diminuta  \r\  glycerin;  outer  membrane  folded.  Enlarged.  (After  Weinland, 
1861,  pi.  4,  fig.  14.) 

Fig.  101. — Embryo  of  II.  diminuta  surrounded  by  inner  membrane.  Outer  membrane  and  inter- 
mediate substance  have  been  torn  away.  Enlarged.  (After  Weinland,  1861,  pi.  4,  fig.  15.) 


the  result  may  be  compared  to  a sponge,  the  meshes  of  which  are 
filled  by  the  eggs  (figs.  87-90). 


93 


In  TlymenoJepis  diminuta  from  man  it  is  a very  common  thino-  to 
lind  numerous  sterile  proglottids  (dg’s.  87,  88).  In  these  segments  the 
female  organs  fail  to  develop  properly,  and  no  embryos  are  produced. 
Such  segments  are  readily  apparent  in  the  older  portions  of  the  stro- 
bila,  b}^  reason  of  their  clear  color,  due  to  the  absence  of  eggs,  which  gave 
fertile  segments  a somewhat  dark  or  brownish  color.  These  sterile 
segments  have  been  noticed  by  nearly  eveiyone  who  has  ever  observed 
II.  dimimda  from  man,  while  in  specimens  from  the  rat  they  ai-e 
much  less  common.  Leidy  (188I:a),  for  example,  gives  the  following 
succession  of  fertile  and  sterile  segments  in  a fragment  about  8 cm. 
long.  The  fertile  segments  are  indicated  by  roman  type,  the  sterile 
bv  italics: 


1,  1,  6.  1,  7,  1,  d.  1,  18,  1,  S.  1.  J,  5,  7,  1,  -i,  I,  1.  1,  S.  1,  1,  5, 

T,  1,  10,  1,  6,  S,  3,  13,  1,  2,  2. 

Eggs. — The  eggs  as  lirst  seen  in  the  uterus  do  not  ditfer  apparently 
from  the  eggs  as  found  in  the  ovaiy.  The  shell  is  not  formed  by  the 
immediate  action  of  the  so-called  shell  gland,  as  might  be  supposed, 
during  the  passage  of  the  egg  through  the  part  of  the  oviduct  sur- 
rounded by  this  gland,  but  onh^  becomes  apparent  during  the  progress 
of  the  development  of  the  embryos  in  the  uterus.  When  fulh^  formed 
the  embiyo  possesses  a shell  in  which  3 layers  may  be  distinguished, 
an  outer, 'ix  middle,  and  an  inner  (figs.  91-101).  Both  the  embryo  and 
its  shell  increase  in  size  after  development  is  begun,  until  the  final 
stage  of  the  eggs  as  they  are  thrown  oil'  in  the  feces  is  reached.  The 
egg  as  seen  in  the  feces  or  in  the  oldest  segments  is  spherical  (figs. 
91-95,  97).  The  outer  memhrane  is  comparatively  thick  and  delicately 
striated  radialhy  and  is  more  or  less  ^^ellowish  in  color.  The  inner 
memljrane  invests  the  embiyo  or  onchosphere  and  is  somewhat 

oval  in  shape,  often  with  two  polar  papillge  (fig.  96),  as  in  Ilymenolejns 
nana,  but  so  far  as  is  known  without  filaments.  This  membrane  is 
thinner  than  the  outer.  Between  the  outer  and  inner  membranes  is  an 
intermediate  la3^er  of  granular  structure,  apparentW  albuminous  in 
chai’acter. 

When  the  outer  envelope  is  broken  awa}"  (fig.  99),  this  intermediate 
hyer  remains  and  is  seen  to  have  a smooth  external  contour,  as  though 
limited  by  a veiy  thin  but  distinct  membrane.  In  sections  of  preserved 
material  this  granular  intermediate  la\"er  is  commonh^  found  drawn 
awa}"  from  both  the  outer  and  inner  envelopes,  and  bounded  internalh" 
and  external!}"  b}-  a very  delicate  smooth  membrane  of  chitinous  appear- 
ance. In  the  granular  mass  are  three  or  four  or  more  prominent 
deep!}"  staining  nuclei.  It  is  to  the  activiW  of  these  nuclei,  or  of  the 
cells  to  which  they  belong,  that  the  formation  and  growth  of  the  shell 
of  the  embiyo  seem  to  be  due. 

It  is  onl}"  in  eggs  of  the  oldest  segments  that  the  radial  structure  of 
the  outer  membrane  can  be  distinguished;  in  eggs  of  }"ounger  seg- 
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ments  this  striation  is  not  apparent,  and  the  membrane  is  much  thinner. 
In  still  younger  segments  the  eggs  are  considerabh^  smaller  and  the 
shape  is  commonly  oval. 

A number  of  authors  give  the  sizes  of  the  eggs  as  follows: 

Dujardin  (1845a,  p.  579):  Outer  envelope,  62  to  74/^;  inner  envel- 
ope, 41  to  42  //;  embryo,  32  to  36  yw;  hooks,  15  to  17  yw. 

Weinland  (1858,  p.  55):  Outer  envelope,  54  yw;  embryo,  24  yw. 

Leuckart  (1886a,  pj3.  661-663,  from  Weinland’s  material):  Outer 
envelope,  60  embryo,  30  yw;  hooks,  17  yw. 

E.  Parona  (1884):  Outer  envelope,  58  to  68  yw. 

Grass!  (18881):  Outer  envelope,  70  to  86 yw;  embryo,  36  by  28 yw; 
hooks,  11  yw. 

Zschokke  (1889),  no  measurements  given. 

Leidy  (1884a,  p.  110):  Outer  envelope,  72  yw;  a few  oval  eggs  80  by 
72  yw;  embryos,  40  by  32  ju. 

Magalhaes  (1896):  Outer  envelope,  about  59.5  yw;  embryo,  about 
34  yu. 

Sonsino  (Sonsino  & Zschokke,  1896):  Outer  envelope,  75  yw  and  80 
by  75  yw;  hooks,  14  yw. 

In  measurements  which  I have  made  of  eggs  of  specimens,  both 
from  the  rat  and  from  man  (Leidy’s  material),  the  outer  envelope 
ranged,  in  both  cases,  from  64  to  80  yw;  the  inner,  24  by  20  yu  to  36  by 
28  yw;  the  hooks,  14  to  16  yw. 

The  middle  pair  of  hooks  differed  from  the  other  two  pairs  in  the 
same  manner  as  mentioned  above  in  connection  with  II.  nana^  namely, 
they  were  more  delicate  and  the  ventral  root  was  onh"  very  slightly 
developed. 

Besides  the  eggs  of  ordinary  size  it  is  not  uncommon  to  find  in 
mature  segments  now  and  then  an  egg  considerably  smaller,  round  or 
slightly  oval,  wdth  the  outer  envelope  much  thicker  than  is  usual  in 
the  larger  eggs.  Four  such  specimens  gaA^e  sizes  ranging  from  40  by 
40  yw  to  40  bv  48  /u 

Sonsino  (Sonsino  A Zschokke,  1896,  p.  939)  has  found  that  the  ova 
will  remain  alive  in  water  at  least  fifteen  days. 

DEVELOPMENT  AND  LIFE  HISTORY. 

It  is  to  the  observations  of  Grassi  & Rovelli  (1888b,  1889a,  1889b, 
1892a)  that  we  owe  our  knowledge  of  the  life  history  of  Ilymenolepis 
diminuta.  Their  results  (as  given  in  Grassi  & Rovelli,  1892a,  pp. 
31-33,  90-92)  are  as  follows: 

All  attempts  at  direct  infestation  resulted  negatively. 

The  cysticercoids  were  first  found  in  the  larva  of  the  meal  moth  and 
its  adult  {Asoynci  farincdis)^  then  in  }mung  and  adult  earwigs  {Anisola- 
Ms  annidijyes  Lucas),  and  finally  in  adults  of  beetles  {Acis  spinosa 
(Linnseus)  and  Sccairus  striatm  (Fabricius).  They  live  in  the  abdom- 
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inal  cavity  of  these  various  insects  amid  the  adipose  tissue,  sometimes 
in  very  considerable  numbers. 

The  larva  of  Asopia  farinalh  is  very  common  in  dwelling  houses  all 
over  Europe,  where  it  feeds  upon  organic  materials,  refuse,  flour, 
meal,  etc.  In  the  moth  stage  it  is  frecpient  in  April  and  October. 
This  moth  is  also  common  in  America,- and,  in  fact,  is  almost  cos- 
mopolitan in  its  distribution. 

On  account  of  its  wide  geographical  range  corresponding  with  the 
distribution  of  II.  diminuta.  Grassi  considers  that  Asop>ia  is  probabh" 
the  normal  intermediate  host  of  the  tapeworm  in  question.  It  is  said  by 
Grassi  that  rats  prey  active!}^ 
not  only  upon  the  larval,  but 
also  upon  the  adult  moths. 

Acis  spijiosa  lives  in  the  south 
of  Europe,  Scaurus  sfriatus  in 
the  south  of  France,  in  Italy, 

Spain,  and  Greece  ; both  belong 
to  the  same  family  of  beetles 
(Tenebrionidae),  related  to  that 
in  which  Tenebrio  belongs,  the 
latter,  the  supposed  intermedi- 
ate host  of  Tcenia  microstoma. 

Twenty  or  more  cysticercoids 
from  AnisoJahis  were  admin- 
istered to  white  rats,  which 
were  entirely  free  from  tape- 
worms: after  3 da  vs  the  head 
of  H.  dirninuta  with  a very 
short  neck  was  observed  in  the 
intestine ; after  a week  the  neck 
had  become  longer,  \ cm. , with 
no  trace  of  segments;  in  15  days  the  worm  had  become  quite  long" 
but  without  3"et  having  reached  maturit}".  The  experiments  were 
repeated  for  all  the  other  intermediate  hosts;  the  results  were  con- 
stantl}"  positive,  and  the  adult  worms  obtained  corresponded  perfect!}^ 
to  H.  dimimita. 


Fig.  102.— Encysted  cercocystis  of  H.  dirninuta:  caud., 
caudal  appendage;  cijst.,  adventitious  capsule  inclos- 
ing the  cercocystis.  Enlarged.  (After  Grassi  &. 
Rovelli,  1892a,  pi.  4,  fig.  1.) 


Two  experiments  were  tried  on  man,  one  upon  Sig.  Calandruccio, 
which  resulted  negative^,  and  one  upon  a second  individual  (adult 
male);  in  the  second  case,  15  days  after  the  ingestion  of  the  cysticer- 
coids (from  Acis  spmosa)^  the  ova  of  II.  dirninuta  appeared  in  the  feces, 
and  after  treatment  with  male  fern,  numerous  specimens  of  the  tape- 
worm were  passed. 

The  cysticercoid  was  observed  only  in  the  mature  stage,  free  or 
provided  with  an  adventitious  connective  tissue  capsule,  evidently 
derived  from  the  host.  Its  size  is  measured  by  a few  tenths  of  a milli- 
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meter. 


Like  the  cysticercoid  of  SymenoUjjts  nano.,  it  has  a body  and 

a tail,  and  may  therefore  be  termed 
a cercocystis.  The  tail  is  rather 
long’,  two  or  three  times  the  length 
of  the  body  (fig.  102).  As  in  the 
case  also  of  H.  nana  (see  p.  10)  the 
body  is  a gastrula-like  structure, 
with  an  anterior  opening  and  a sec- 
ondary caAuty  formed  by  inyaglna- 
tion.  Likewise,  a yery  thin  pri- 
mary cayity  separates  the  outer  and 
the  inner  wall.  The  two  walls  are 
highly  differentiated  (figs.  103. 101). 
The  outer  consists,  proceeding  in 
the  order  from  without  inward,  of 
a thick  cuticula  striated  radially,  a 
layer  of  fusiform,  somewhat  cylin- 
drical cells,  a layer  of  circular  fibers 
(muscular  ?),  a layer  of  cells  much 
elongated  longitudinally,  and  final- 
ly a lamellar  layer.  The  second 
layer  is  not  complete,  but  forms 
two  longitudinal  bands  on  opposite 
sides  of  the  body.  In  cross  section 
the  body  is  seen  to  be  rather  oyal , 
with  these  two  bands  of  cells,  cut  across,  corresponding  to  the  poles  of 
the  major  axis  of  the  ellipse  (fig.  1<  T).  The  inner  wall  is  composed  of 
a layer  of  reticular  connective 
tissue,  rich  in  cells  and  calcare- 
ous corpuscles,  and  lined  with 
cuticula.  The  relations  of  the 
scolex  are  the  same  as  in  the  cer- 
cocystis of  IL  nana  (see  p.  40); 
that  is.  it  lies  within  the  second 
cavity,  and  is  attached  behind  to 
the  inner  wall  by  a peduncle, 
which  in  this  case,  howeyer.  is 
thicker  and  shorter  than  in  II. 
nana.  The  primitiye  cayity  is 
well  defined  in  good  prepara- 
tions: it  does  not  extend  into  the 
tail.  The  anterior  opening  of 
the  secondary  cayity  is  yery  nar- 
row and  deep.  The  four  excretory  yessels  form  horseshoe-like  loops 
in  the  scolex  in  relation  with  the  inner  wall  (fig.  106). 


Fig.  103.— Longitudinal  section  of  cercocystis  of 
K.  diminuta:  1.  ext.,  external  wall;  1.  int..  inter- 
nal wall;  pr.  cav.,  primary  cavity;  sec.  car.. 
secondary  earnty.  Enlarged.  (After  Grassi  A 
Rovelli,  1892a.  pi.  4.  fig.  3.  i 


pr.ca\/. 


Fig.  104. — Cross  section  of  cercocystis  of  H.  diminuta: 
l.ext..  external  wall:  1.  int.,  internal  wall;  pr.cav., 
primary  cavity;  sco.,  scolex;  sec.  cat.,  secondary 
cavity.  Enlarged.  (After  Grassi  & Rovelli,  1892a, 
pi.  4.  fig.  2.) 
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105.  107. 

Fig.  105.— View  of  cercocystis  of  R.  diminuta,  showing  muscle  fibres:  caud.,  caudal  appendage;  pr. 
cav.,  primary  cavity;  sec.  car.,  secondary  cavity.  Enlarged.  (After  Grass!  & Rovelli,  1892a,  pi.  4,  fig.  4.) 

Fig.  106. — Longitudinal  section  through  the  body  of  a cercocystis  of  R.  diminiiia:  ex.  can.,  excretory 
canal;  pr.  cav.,  primary  cavity;  sec.  car.,  secondary  cavity.  Enlarged.  (After  Grass!  & Rovelli, 
1892a,  pi.  4,  fig.  6.) 

Fig.  107. — Longitudinal  section  through  the  body  of  a cercocystis  of  R.  diminuta:  ac.,  sucker; 
pr.  cav.,  primary  cavity;  sec.  cav.,  secondary  cavity.  Enlarged.  (After  Grassi  & Rovelli,  1892a,  pi.  4, 
fig.  5.) 

Cysticercoids,  single  or  proliferated,  were  often  found  dead,  having' 
undergone  a degeneration  by  which  they  became  brown,  and  the 
details  of  structure  indistinct.  In  some  cases,  in  Acis  spinosa^  the 
adventitious  capsule  was  present  and  very  thick;  live  cysticercoids  were 
found  encapsulated  in  AiiholaTju. 

In  a footnote  (Grassi  & Rovelli,  1892a.  p.  33)  it  is  stated  that  more 
recently  a stage  in  the  development  of  the  C3'sticercoid  was  found 
which  showed  that  in  II.  diminuta  the  formation  of  the  rostellum  and 
suckers  precedes  the  invagination  as  in  Ilymenolepis  nana. 
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Theembrvonal  hooks  are  frequentG  evident,  commonlv  four  upon  the 
tail  and  two  upon  the  most  posterior  part  of  the  bodv  proper  (tig.  105). 

Since  the  tail  was  sometimes  found  branched  and  at  other  times  (in 
Anisolahis)  the  cvsticercoids  were  united  b}^  their  tails  into  groups  of 
3 or  I,  and  since  occasional!}'  in  Acis  spinosa  a smaller  cysticercoid 
would  be  found  attached  by  the  tip  of  the  tail  to  the  thickest  part  of 
the  tail  of  a cysticercoid  of  ordinaiy  size,  it  seemed  probable  to  Grassi 
that  in  certain  cases  the  cysticercoid  of  II.  diminuta  is  capable  of 
proliferation. 
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ABSTRACTS  OF  CASES  OF  HTMEXOEEPIS  OI3IIXUTA 

IX  :ne\x. 


AMERICA. 

Boston,  1S4:'2 1 case. 

^Veixland  1 1S5S  . 'was  the  first  to  record  the  occurrence  of  this  tapeworm  in  man. 
His  account  (1S5S,  p.  59  i in  part  reads  as  follows: 

■‘Among  the  helminthological  specimens  with  which  Dr.  J.  B.  S.  Jackson  kindly 
furnished  us  for  further  investigation,  from  the  collection  of  the  Medical  Improvement 
Society,  Boston,  there  was  a phial  containing  a number  of  pieces  of  a small  tape- 
worm. In  the  catalogue  of  the  collection  we  find  these  specimens  mentioned  under 
Iso.  903,  with  the  following  words:  hi  i second  i specimen  of  Bothriocephalus,  3 feet 
in  length,  and  from  line  to  IX  hues  in  width;  from  an  infant.  The  joints  are 
very  regular,  except  at  one  extremity,  where  they  approach  the  triangular  form,  are 
very  delicate,  and  but  slightly  connected,  as  shown  in  a drawing  by  Doctor  Wyman. 
From  a very  healthy  infant  19  months  old:  it  had  been  weaned  about  six  months, 
and  had  had  the  usual  diet  from  that  time.  The  worm  was  discharged  without 
medicine,  its  presence  having  never  been  suspected.  1842.  Dr.  Ezra  Palmer,  jr.’  ” 

Weinland  recognized  the  fact  that  this  specimen  was  not  a Bothriocephalus,  but  a 
tapeworm  belonging  ‘‘to  a group  of  T^eniods,  whose  members  thus  far  had  only  been 
found  in  small  omnivorous  or  insectivorous  mammalia  ( mice,  shrew-mice,  etc.)  and 
birds.”  Xot  perceiving  its  identity  with  Tania  diminuta.  he  accordingly  described  it 
as  a new  species,  at  the  same  time  establishing  it  as  the  representative  of  a new 
genus,  and  gave  it  the  name  of  Hifmenolepis  da vopunctata  ( see  p.  S2i. 

Philadelphia,  Pa.,lSS4 .-1  case. 

Leldy  ( 1884a.  p.  110.  1884b,  p.  137 ) recorded  a case  of  Taenia  davopunctata 
' =Htjmenolepis  diminuta  ) from  a 3-year-old  child,  who  had  expelled  several  pieces  of 
at  least  3 worms  after  treatment  with  santonin.  This  child,  native  of  Philadelphia 
but  of  German  parentage,  had  been  weaned  at  20  months,  and  since  then  partaken 
of  the  same  footl  as  its  parents.  The  specimens  from  this  case  are  preserved  in  the 
Helminthological  Collection  (Xo.  841)  of  the  Bureau  of  Animal  Industry. 

Sao  Paulo,  Brazil,  1893  1 case. 

Lutz  ; 1894,  p.  62)  received  a tapeworm  for  determination  which  had  been  passed 
after  tr^^atment  with  santonin,  by  a 2-year-old  child,  daughter  of  Portuguese  settlers, 
living  at  Sao  Paulo,  Brazil.  The  specimen  had  about  960  segments,  several  of  which 
were  sterile;  the  posterior  segments  were  completely  filled  with  eggs,  and  the 
rostellum  was  rudimentary  and  unarmed.  Lutz  identified  it  as  Hyrnenolepis  dim- 
inuta, and  by  comparison  with  specimens  from  the  rat  confirmed  Grassi’s  observa- 
tions as  to  the  identity  of  Taenia  davopunctata  of  man  and  Taenia  diminuta  of  the  rat. 
The  parasite  is  very  common  among  the  rats  of  Sao  Paulo. 

Rio  Janiero,  Brazil,  1896  1 case. 

The  patient  in  this  case  i 5Iagalhaes,  1896)  was  a mulatto  child,  20  months  old, 
born  m a neighboring  city,  but  for  about  a year  living  in  Eio  Janiero,  at  the  zoo- 
logical gardens,  where  her  father  was  employed.  The  child  had  been  suffering  for 
about  3 months  with  diarrhea,  frequently  sanguineous  in  character.  Treatment  by 
various  physicians  was  of  no  avail.  According  to  the  parents,  the  child’s  food  con- 
sisted exclusively  of  milk  and  beef  tea.  After  the  administration  of  a dose  of 
calomel  a worm  was  passed,  which  was  referred  by  the  attending  physician  to 
Magalhaes  for  determination,  who  identified  it  as  Hyinenolepis  diminuta.  The  child’s 
parents  asserted  that  a similar  worm,  somewhat  longer,  and  also  fragments,  had 
been  passed  previously.  The  child  continued  to  suffer  with  diarrhea.  Treatment 
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with  male  fern  was  tried;  no  worms  were  expelled,  and  the  diarrhea  still  persisted, 
ceasing  at  times,  but  always  recurring.  Later  an  Ascaris  was  passed,  without  im- 
provement of  the  diarrhea. 

Philadelphia,  Pa.,  1900 1 case. 

Packard  (1900,  p.  1551)  describes  the  case  of  a woman,  40  years  of  age,  native  of 
Syria,  who  entered  the  Pennsylvania  Hospital  at  Philadelphia,  suffering  with  a 
hydatid  cyst  of  the  liver,  from  which  she  died.  Shortly  after  admission  she  passed 
a fragment  of  a tapeworm  16.5  cm.  long.  The  segments  were  3 mm.  wide  by  1 mm. 
long.  At  the  autopsy,  about  one  month  after  the  patient  entered  the  hospital,  a 
second  specimen  was  found,  attached  to  the  intestine  about  2.5  cm.  above  the  ileo- 
cecal valve.  The  parasite  was  living  when  found  and  measured  27  cm.  in  length. 
The  head  was  distinctly  blackish  in  color,  with  a slight  purple  tinge,  and  measured 
1 mm.  long  by  0.5  mm.  wide.  The  neck  was  1 cm.  long  and  1.5  mm.  wide.  “In 
most  of  the  segments  there  is  seen  at  one  edge  a little  elevation  extending  in  from 
the  edge  about  1 mm.,  corresponding  apparently  to  what  has  been  spoken  of  in  some 
specimens  as  the  yellow  spot.  These  little  elevations  do  not  form  a complete  series, 
as  occasionally  there  is  found  a segment  where  the  elevation  is  on  the  opposite  side 
of  the  segment.  There  is  no  appearance  about  the  worm  of  a true  yellow  spot.  On 
dehydrating  segments  in  absolute  alcohol  and  clearing  in  oil  of  cloves  there  is  seen  in 
each  of  a series  of  7 segments  a dark  line  less  than  of  a millimeter  in  thickness 
extending  inward  toward  the  center  of  the  segment  to  a length  of  3 mm.”  There 
was  no  branching  uterus,  the  entire  proglottis  being  transformed  into  an  egg-sac. 
The  brownish  line  extended  inward  from  the  left  side  in  5 segments,  from  the  right 
side  in  2,  as  follows:  1,  r,  1,  r,  1,  1,  1.  Viewed  under  a high  power,  the  brownish  line 
was  seen  to  be  a canal,  sometimes  appearing  to  terminate  in  a bulbous  enlargement. 

EUKOPE. 

Alfort,  France,  before  1810 1 case. 

Railliet  (1892c)  makes  mention  of  two  fragments  of  a tapeworm,  measuring 
together  18  to  20  cm.  in  length,  and  a number  of  fragments  belonging  to  a second 
example.  These  specimens,  which  were  labeled  as  coming  from  man,  belong  to  an 
ohl  helminthological  collection  established  by  Chabert,  second  director  (1780-1810) 
of  the  museum  at  Alfort.  Rudolph!  visited  this  collection  about  the  year  1804,  and 
since  he  has  made  no  mention  of  such  specimens  in  any  of  his  works  on  helmin- 
thology, Railliet  has  come  to  the  conclusion  that  they  probably  date  from  a time 
between  1804  and  1810.  These  specimens  were  determined  by  both  Railliet  and 
Zschokke  as  Hymenolepis  dimmuta. 

Varese,  Italy,  188L 1 case. 

A 2-year-old  girl  living  in  the  neighborhood  of  Varese  had  declined  in  health  and 
lost  her  usual  good  spirits.  Pieces  of  tapeworm  having  been  recognized  in  her  stools, 
she  was  brought  to  the  hospital  of  Varese  for  treatment.  E.  Paroxa  (1884),  who 
examined  the  case,  found  no  abnormalities  of  importance  in  the  physical  examina- 
tion. The  feces  contained  the  eggs  of  Ascaris  and  cestode  eggs  resembling  those  of 
Tsenia  solium  but  much  larger.  Castor  oil  and  ethereal  extract  of  male  fern  were 
administered  and  4 complete  worms,  12  to  20  cm.  long,  each  provided  with  a head, 
were  passed.  Treatment  was  repeated,  but  no  more  worms,  with  the  exception  of 
an  Ascaris,  were  expelled.  Parona  considered  these  worms  probable  examples  of 
Hymenolepis  flai'opunctata  Weinland,  a determination  which  Grass!  (18881)  confirmed 
after  examining  some  of  the  material. 

Catania,  Sicily,  188 <—1888 2 cases. 

Grassi  (18881,  p.  498,  Grassi  & Royelli,  1888b)  records  a case  of  Hymenolepis  dim- 
inutu  from  a 12-year-old  girl,  who  exhibited  no  symptoms  of  importance.  After 
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anthelmintic  treatment,  she  passed,  besides  a Tsenia  solium,  2 specimens  of  Hymeno- 
lepis  diminuta,  measuring  25  and  30  cm.,  one  of  which  possessed  a head. 

In  the  second  case  (Grassi,  18881,  p.  500,  Grass:  & Rovelli,  1888b)  infection  was 
induced  experimentally  by  feeding  a man  with  cysticercoids  (see  p.  95). 

Pisa,  Italy,  1895  1 case. 

A specimen  of  tapeworm,  which  had  been  passed  by  a boy  in  September,  1895, 
after  the  administration  of  an  anthelmintic,  was  referred  to  Sonsino  (Sonsino  & 
ZscHOKKE,  1896)  for  determination  by  Doctor  Modigliano,  of  the  Pisa  hospital. 
Sonsino  determined  the  specimen  as  Tsenia  flavopunctata  Weinland  (=iA  diminuta). 
Zschokke  made  a similar  determination.  The  description  of  the  worm  and  the 
figure  of  an  egg  given  by  Sonsino  leave  no  doubt  as  to  its  identity. 

Centuripe,  Sicily,  1900  2 cases. 

Previtera  (1900)  discovered  in  the  feces  of  sulphur  miners  in  Sicily  the  eggs  of  a 
tapeworm,  undoubtedly  of  the  species  Ilymenolepis  diminuta. 

The  first  case  was  that  of  a sulphur  miner,  male,  11  years  old.  There  was  an 
average  of  one  egg  in  every  j^reparation.  The  eggs  were  mostly  spherical,  almost 
double  the  size  of  eggs  of  Ticnia  solium;  two  membranes  were  present,  separated  by 
an  abundant  hyaline  substance  which  shriveled  in  glycerine  and  drew  away  from 
the  outer  membrane;  the  latter  was  distinctly  striated  radially;  some  of  the  eggs 
were  uncolored,  some  yellowish.  Male  fern  was  administered.  Whether  any  worms 
were  passed  is  not  known,  but  a reexamination  of  the  feces  some  days  later  showed 
no  eggs  present. 

In  the  feces  from  the  other  case  2 to  3 eggs  were  found  in  every  preparation.  The 
subject  of  this  case  was  not  seen,  no"  was  any  information  regarding  his  age,  jihysical 
condition,  etc.,  obtainable. 

AXAI.YSIS  OF  CASES. 

AGE  AND  SEX  OF  INDIVIDUALS  AFFECTED. 

Of  the  12  cases  reported,  5 Avere  females,  3 were  males,  while  the 
sex  of  the  remaining  4 cases  is  not  given.  Two  ivere  adults,  one  of 
whom  was  a woman,  40  years  of  age;  8 were  children,  and  the  ages  of 
2 Avere  not  given.  Four  were  betAveen  1^  and  2 years;  1 was  3 years, 
and  2 were  11  and  12  years,  respectiA^ely ; the  age  of  the  other  child 
was  not  given. 

SITUATION  OF  THE  PARASITE  IN  THE  INTESTINE. 

In  the  single  autops}"  Avhich  has  been  performed  (Packard,  1900) 
the  Avorm  was  found  attached  2.5  cm.  aboA^e  the  ileo-cecal  A^alve. 

NUMBER  OF  SPECIMENS  PRESENT. 

The  number  of  specimens  present  in  infected  indiAuduals  has  A^aried 
from  1 to  4.  In  4 cases  there  was  1;  in  3 cases,  2;  in  1 case,  3;  and 
in  1 case,  4. 

OTHER  PARASITES  PRESENT. 

In  2 cases  the  presence  of  Ascaris  and  in  1 case  the  presence  of 
Tdenia  solium  was  noted;  1 case  was  suffering  with  a hydatid  cyst  of 
the  liver. 
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SYMPTOMATOLOGY . 

Symptoms  were  absent  in  practically  all  the  cases;  in  one  case  there 
was  said  to  be  a decline  in  health  and  in  another  there  was  a diarrhea 
of  three  months'  standing,  which,  however,  was  not  cured  by  the 
expulsion  of  the  parasite. 

DIAGNOSIS . 

The  diagnosis  rests  upon  the  discovery  of  fragments  of  the  worm  or 
its  eggs  in  the  feces. 

TREATMEXT. 

Almost  any  vermifuge  seems  to  be  sufficient  to  expel  the  parasite. 
A simple  cathartic  has  caused  its  expulsion,  and  in  one  case  the  worm 
was  passed  without  medicine. 

PROPIIVEAXTS. 

Prophylaxis  against  H.  diminuta  consists  in  avoiding  the  ingestion 
of  any  of  the  various  insects  which  may  act  as  intermediate  hosts.  (1) 
b}^  following  the  general  rule  of  cleanliness  with  regard  to  what  is 
placed  in  the  mouth,  (2)  by  keeping  food  protected  from  insects, 
especially  the  larva?  of  Asopia  farinaUs^  and  (3)  the  •destruction  of 
rats  and  mice,  and  of  the  insects  concerned,  especially  the  meal  moth, 
which  in  its  larval  stages  is  common  about  dwellings. 

The  Lanceolate  Tapeworm — HYMENOLEPIS  LANCEOLATA  (Bloch,  1782) 

Weinland,  1858. 

HISTORICAL  REVIEW. 

This  tapeworm  has  long  been  known  as  a parasite  of  geese  and 
ducks,  but  only  recently  has  it  been  found  in  man.  An  epidemic  of 
intestinal  helminthiasis  among  geese  in  1710  in  German}^  reported  by 
Frisch  (1727b)  has  been  attributed  to  this  form.  Bloch  (1779a), 
according  to  Rudolphi  (1810,  p.  Sd),  refers  to  the  worm  under  the 
name  Tpenla  anseris.  Pallas  (1781)  associated  the  worm  under  con- 
sideration with  others  from  rabbits  und  fishes,  and  placed  them  in  a 
single  species,  which  he  called  Teen  la  acutissima.  In  1782  Bloch  pub- 
lished the  lirst  distinctive  description  and  figures  (figs.  108.  109)  of 
the  worm,  calling  it  T^nia  Janceolata.  Goeze  (1782a)  shorth^  after- 
wards described  and  figured  it /fig.  110)  under  the  same  name.  Since 
then  it  has  been  commonly  found  in  the  European  countries  by  vari- 
ous authors,  but  apparently  has  never  been  recorded  for  America. 
Only  one  case  of  Hymenolepls  Janceolata  in  man  has  been  reported, 
and  that  case  was  in  Europe  (Zschokke,  1902a.  b).  It  is,  therefore, 'a 
rare  parasite  of  man,  and  is  not  very  likely  to  be  encountered  in  this 
country. 


102 


AXATOMICAL  DESCRIPTION. 


The  external  characteristics  of  HyraenolejjU  Janctolata  are  so  well 
marked  that  its  recognition  has  never  been  considered  difficult.  F euer- 


Fig.  108. — Head  and  strobila  of  H.  lanceolata.  Natural  size.  Original  type  tigure.  (After  Bloch, 
1782a,  pi.  1,  fig.  5.) 

Fig.  109. — Head  and  anterior  portion  of  H.  lanceolata.  Enlarged.  Original  type  figure.  (After 
Bloch,  1782a,  pi.  1.  fig.  6. 

Fig.  110. — Head  and  strobila  of  H.  lanceolata  from  a goo.se.  Natural  size.  (After  Goeze,  1782a,  i>l.  29, 
fig.  3.) 

Fig.  111. — Head  with  protracted  rostellum  and  anterior  portion  of  H.  lanceolata.  Enlarged.  (After 
Megnin,  1881,  pi.  4,  fig.  3.) 

Fig.  112. — Head  with  retracted  rosteUnm  and  anterior -portion  of  H.  layiceolata.  Enlarged.  (After 
Railliet,  1886,  p.  267,  fig.  163.\.  also  Railliet.  1893,  p.  300,  fig.  195A.) 

Fig.  113. — The  eight  hooks  upon  the  rostellum  of  H.  lanceolata.  Enlarged.  (After  Krabbe,  1869, 
pi.  6,  fig.  143.)  • 

Fig.  114. — Two  isolated  hooks  of  H.  lanceolata.  Enlarged.  (After  Krabbe.  1869.  pi.  6,  fig.  144.) 


eisen  (1868a)  was  the  first  to  study  its  internal  anatomy;  his  incom- 
plete and  in  some  respects  incorrect  description  has  recently  been 
revised  and  added  to  by  IVolfibiigel  (1900b)  and  Cohn  (1901b). 
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EXTERNAL  ANATOMY. 

The  length  has  been  given  as  30  to  130  mm. ; the  width  posteriorly 
may  attain  a maximum  of  18  mm.,  more  commonly  7 to  12  mm.  The 
strobila  gradualh^  increases  in  width  from  before  backward , reaching 
its  greatest  width  a short  distance  anterior  of  the  posterior  extremity, 
then  becomes  narrower  ag'ain  and  rounded  off  posteriorily,  thus  giving 
the  worm  its  characteristic  lancet  shape  (tigs.  108,  110).  In  the 
anterior  portion  of  the  strobila  the  segments  are  30  to  35  times  as 
broad  as  long;  in  segments  with  mature  reproductive  organs  the  ratio 
between  length  and  breadth  is  1 to  10;  in  the  last  segments,  1 to  25. 
The  head  (figs.  Ill,  112),  Avhich  is  A^ery  small  in  comparison  to  the 
rest  of  the  worm,  possesses  a retractile  rejsteUum  armed  Avith  a single 
crown  of  hooks,  usually  8 in  number  (fig.  113).  The  hoohs  (fig.  Hi) 
have  a long  dorsal  root,  a short  A^entral  root,  and  a prong  equal  in 
length  to  about  two-thirds  of  the  dorsal  root.  They  measure  31  to 
35  )a  (Krabbe,  1869).  The  short  necli,  together  with  the  head,  is 
often  retracted  into  the  anterior  part  of  the  strobila.  The  segments^ 
about  300  in  number,  in  specimens  85  or  90  mm.  in  length  (Zschokke, 
1902a,  b),  are  A^eiy  much  broader  than  long  throughout  the  strobila. 
The  genital  gloves  open  on  the  right-hand  margin  of  the  strobila,  near 
the  anterior  border  of  each  segment.^' 

INTERNAL  ANATOMA'. 

The  internal  anatomv  of  the  head  has  not  been  studied. 

Calcareous  bodies  are  numerous,  especially  in  the  cortical  paren- 
chyma. 

Nervous  systeae — The  lateral  longitudinal  nerves  are  situated  lat- 
erad  of  the  longitudinal  excretory  A^essels:  each  main  lateral  neiwe  is 
accompanied  by  tAvo  accessorv  neiwes — one  dorsal  and  one  ventral 
(fig.  117). 

Muscular  system.- — The  usual  subcuticular  muscle  fibers  are  pres- 
ent, 2m  outer  circular  and  an  inner  longitudinal  layer.  Dorso-ventral 
muscle  dhers  likewise  are  present,  and  are  A^ery  powerfully  developed. 

The  Avell-deA^eloped  longitudinal  rnusde  system  (/.  7>/.,  tig.  121)  is 
arranged  mosth^  in  two  layers,  AAUth  about  90  to  lOO  (Wolff'hugel, 
1900b)  or  200  (Zschokke,  1902a,  b)  bundles  in  each  layer.  In  the 
cortical  parenchyma,  i.  e.,  betAA^een  the  outer  muscle  layer  and  the 
cuticula,  there  are  numerous  scattering  longitudinal  muscle  fibers. 
Lying  inside  the  inner  layer  in  both  the  dorsal  and  the  A^entral  hah^es 
of  the  strobila  there  are  tAvo  bundles  of  muscle  fibers,  one  on  each  side 
of  the  median  line,  separated  by  a space  equal  to  about  one-sixth  the 

«Dujardin  (1845a,  p.  562)  describes  the  pores  of  Tsenia  lanceolata  as  irregularly 
alternate,  mentioning  also  the  presence  of  10  hooks  on  the  rostellum;  two  circum- 
stances Avhich  indicate  the  probability  that  he  had  under  observation  another 
species. 


104 


breadth  of  the  strobila  (Wolfibiigel,  1900b).  Wolffhiigel  found  that 
the  two  longitudinal  muscle  la3^ers  become  more  or  less  fused  in  the 
older  segments  so  that  they  can  no  longer  be  distinguished  as  separate. 
Cohn  (1901b,  p.  320)  asserts  that  the  la^^ers  in  question  can  not  be 
considered  individually^  distinct  at  all,  as  they"  nowhere  preserve  their 
identity  for  any  considerable  distance.  He  also  differs  with  Wolffhu- 
gel  in  that  he  failed  to  find  the  four  isolated  bundles  described  by-  the 
latter  author.  Zschokke  (1902a,  b)  has  noticed  numerous  diagonal 
libers  connecting  here  and  there  the  bundles  of  longitudinal  fibers. 


Fig.  115. — Isolated  proglottid  of  H.  lanceolata:  c.p.,  cirrus  pouch;  o?;.,  ovary;  rec.  sem.,  receptaculum 
seminis;  t.,  testis;  vt.,  probably  the  primordium  of  the  uterus;  vag.,  vagina.  Enlarged.  (After 
Feuereisen,  1868a,  pi.  10,  tig.  17.; 

Excretory  system. — There  are  two  pairs  of  lateral  longitudinal 
excretory  vessels,  of  which  the  ventral  pair  are  the  larger  (fig.  117). 
According  to  Wolffhiigel  (1900b)  transverse  canals  connecting  the 
longitudinal  vessels  are  lacking,  but  Cohn  (1901b)  has  found  a sy"stem 
of  small  anastomosing  canals  extending  across  the  posterior  portion  of 
each  segment,  connecting  the  longitudinal  canals  and  taking  the  place 
of  the  transverse  canals.  The  excretory  vessels  and  the  lateral  longi- 
tudinal nerves  pass  on  the  ventral  side  of  the  cirrus  pouch. 


Fig.  116.— Transverse  section  of  proglottid  of  H.  lanceolata.  Enlarged.  (After  Megnin,  1881.  pi.  4.  fig.  6.) 

Reproductive  system. — The  reproductive  organs  lie  in  the  central 
portion  of  the  parenchyuna,  i.  e.,  inside  of  the  longitudinal  muscle 
layer,  and  are  so  distributed  that  the  female  glands  occupy  the  sinis- 
tral  third  of  the  proglottis;  the  three  testes  and  a portion  of  the 
seminal  receptacle  the  middle  third;  and  the  remainder  of  the  seminal 
receptacle,  the  vagina  {sensu  strlcto)^  the  seminal  vesicle  and  the 
cirrus  pouch,  the  dextral  third  (figs.  115,  117). 

Male  organs. — The  three  testes  {t.,  figs.  115,  117)  are  oval,  with 
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their  long  axes  directed  parallel  to 
and  occupy  almost  the  entire  thick- 
ness of  the  inner  parenchyma.  The 
two  dextral  testes  are  in  the  pos- 
terior half,  the  other  one  in  the 
anterior  half  of  the  proglottis.  . 

The  ms  deferens  (r.  def.^  tig.  11 T) 
in  its  course  to  the  genital  pore 
lies  toward  the  dorsal  side  of  the 
segment;  after  passing  the  right 
hand  testis  it  swells  out  into  a large 
seinincd  vesiclefes.  sern.  e-r. . tig.  11  i ) 
then  somewhat  reduced  again  in 
size  describes  one  or  two  S -shaped 
loops,  and  enters  the  base  of  the 
cirrus  pouch. 

The  latter  (c.  tigs.  115,  117) 
is  a powerfully  developed  club- 
shaped  organ,  which  when  straight 
lies  entirely  in  the  anterior  half  of 
the  proglottis;  it  may  be  bent  S-like 
and  lie  in  the  posterior  half  of  the 
proglottis  as  well.  It  measures  in 
length  from  0.S2  to  1.2  mm.  and 
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from  60  to  190/^  in  width  at  differ- 
ent points.  Externally  the  cirrus 
pouch  (tig.  121)  is  supplied  with  a 
layer  of  longitudinal  muscle  lamella? 
(//0  />Z.)  which  has  a maximal  thick- 
ness of  50//.  The  lamella?  become 
graduallv  thinner  toward  the  distal 
end  of  the  cirrus  pouch,  and  in  its 
outer  third  are  reduced  to  a very 
thin  muscle  layer.  In  relation  to 
the  muscle  lamella?  is  a thick  layer 
of  myoblastic  cells  (///y.  ).  IVithin 
the  cirrus  pouch  the  vas  deferens 
is  again  enlarged  to  iovrci'A  serniaal 
vesicle  which  lies  toward  the  dorsal 
side.  The  vas  deferens,  near  the 
junction  of  the  middle  and  outer 
thirds  of  the  cirrus  pouch,  becomes 
reduced  in  size,  turns  mediad  and. 
running  along  the  ventral  wall  of 
the  oouch  again  swells"  out  into 


transverse  axis  of  the  segment. 


Fig.  117. — Transverse  seorion  of  proglottid  of  H. 
Janceolata:  c.  p.,  cirrus  pouch;  e:e.  can.,  excre- 
tory canals;  I.  n.,  lateral  longitudinal  nerves: 
ov.,  ovary:  rec.  sem.,  receptaculum  seminis;  t., 
testis;  ut.,  uterus;  vag.,  vagina;  v.  def.,  vas 
deferens;  v.  ej.,  vas  efferens;  ves.  sem.  e:c., 
vesicula  seminalis  externa;  res.  sern.  int., 
vesicula  seminalis  interna;  y.  g.,  yolk  gland. 
Enlarged.  (After  WolfThtigel.  1900b,  p.  51, fig.  2.) 

small  spindle-shaped  vesicle  in 
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the  proximal  portion  of  the  latter.  The  vas  deferens  now  runs 
laterad  again  and  near  the  junction  of  the  inner  and  middle  thirds 
of  the  pouch  is  transformed  into  the  cirrus  which  opens  outwardly  at 
the  tip  of  the  cirrus  pouch  through  the  common  genital  pore.  The 
portion  of  the  vas  deferens  within  the  cirrus  pouch,  including  the 
cirrus,  is  supplied  with  longitudinal  and  circular  muscle  fibers  of 
vaiwing  degrees  of  development  in  different  portions.  The  cirrus 
(figs.  117,  121)  is  armed  with  spines  and  is  often  seen  evaginated 
through  the  genital  pore.  The  distal  end  of  the  cirrus  pouch  may 
also  be  extruded  for  some  distance  through  the  pore  (fig.  120).  The 
occurrence  of  a loop  in  the  yas  deferens,  in  its  course  within  the  cirrus 
pouch,  as  described  for  Tlymenolepis  Janceolata^  has  been  demon- 
strated, also,  in  a number  of  other  tapeworms,  in  Ilyinenolepis  fasciata 


Fig.  118. — Cirrus  pouch  and  cirrus  of  H.  lanceolata.  Enlarged.  (After Feuereisen,  1868a,  pi.  10,  fig.  9.) 

Fig.  119. — Isolated  cirrus  of  H.  lanceolata.  Enlarged.  (After  Megnin,  1881,  pi.  4,  fig.  7.) 

Fig.  120. — Extruded  cirrus  and  tip  of  cirrus  pouch  of  H.  lanceolata.  Enlarged.  (After  Feuereisen, 
1868a,  pi.  4,  fig.  8.) 

Fig.  121. — Transverse  section  of  proglottid  of  H.  lanceolata,  showing  the  cirrus  pouch  and  vagina: 
c.,  cirrus;  1.  m.,  longitudinal  muscles;  m.  pf.,  muscle  plates  of  cirrus  pouch;  niy.,  myoblasts;  vag., 
vagina;  r.  def.,  vas  deferens;  ves.  sent,  ext.,  vesicula  seminalis  externa;  res.  sem.  int.,  vesicula  seminalis 
interna.  Enlarged.  (After  Wolffhiigel,  1900b,  p.  52,  fig.  3.) 

(Krabbe)  by  Feuereisen  (1868a),  in  ILymenoleins  gracilis  b}"  Wolffhiigel 
(1900a),  in  Hymenolep)'is  megalojjs  by  Ransom  (1902),  and  apparently 
in  Ilymenolepis  sin  uosa  by  Kowalewski  (1895). 

Female  organs. — The  vagina  {rag..^  figs.  115,  llT,  121)  begins  at  the 
genital  pore  as  a tube  about  7 y in  diameter,  lying  ventral  and  some- 
what anterior  with  respect  to  the  middle  line  of  the  cirrus  pouch,  and 
courses  along  the  ventral  side  of  the  latter.  The  outer  two-thirds  of 
the  portion  in  relation  with  the  cirrus  pouch  (fig.  122),  according  to 
Wolffhiigel, ds  lined  by  thick  cuticula  covered  with  fine  spines,  and  is 
supplied  with  an  inner  layer  of  circular  muscle  fibers  and  an  outer 
layer  of  longitudinal  fibers.  ^During  its  course  inward  from  the 
genital  pore  the  vagina  increases  gradually  in  diameter  (to  about  20/4), 
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then  becomes  abruptly  narrower,  losing  an  outer  layer  of  cells  and  its 
lining  of  tliick  cuticula;  at  the  point  of  constriction  the  vagina  is  sur- 
rounded by  a spherical  bulb  consisting  of  short  thick  muscle  fibers, 
longitudinally  directed  with  respect  to  the  vagina  (hgs.  122,  123). 
Beyond  the  muscle  bulb  the  vagina  is  prolonged  as  a thin  walled  tube, 
and  sooner  or  later  widens  out  into  an  elongated  seminal  recejytacle^ 
about  85yu  in  diameter.  The  receptacle  (m^  sem.,  hgs.  115,  IIT) 
extends  mediad  on  the  anterior  side  of  the  two  dextral  testes,  and  on 
the  posterior  side  of  the  sinistral  testis,  and  continues  past  the  median 
line  into  the  sinistral  third  of  the  proglottis  to  empty  into  the  oviduct. 

The  ovai^y  {ov.^  figs.  115, 117)  consists  of  two  lobes  connected  by  a 
slender  isthmus.  The  oincluct  takes  its  origin  from  the  middle  of  the 
isthmus  (fig.  121);  about  midway  between  its  origin  and  the  point  at 
which  it  is  surrounded  by  the  shell  gland,  it  is  joined  by  the  seminal 
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Fig.  122. — Portion  of  the  vagina  of  H.  lanceolata.  Longitudinal  section.  Enlarged.  (After  Wolffhiigel, 
1900b,  p.  53,  fig.  4.) 

Fig.  123. — Trans’s'erse  section  of  vagina  of  H.  lanceolata  through  muscle  bulb.  Enlarged.  (After 
WolfYhiigel,  1900b,  p.  53,  fig.  5.) 

Fig.  124. — Diagramatic  representation  of  the  female  canals  of  H.  lanceolata:  ov.,  ovary;  ovd.,  oviduct; 
rec.  sem.,  receptaculum  .seminis;  s.g.,  shell  gland;  nt.,  uterus;  y.g.,  yoke  gland.  Enlarged.  (After 
Wolffhiigel,  1900b,  p.  54,  fig.  6.) 

Fig.  125. — Egg  of  H.  lanceolata.  Enlarged.  (After  Railliet,  1886,  p.  267,  fig.  163B;  also  Railliet,  1893, 
p.  300,  fig.  195B.) 


receptacle.  The  yolk  gland  {y.  g.,  figs.  117,  121:)  is  ventrally  situated 
with  respect  to  the  ovary  and  has  a diameter  equal  to  about  one- third 
the  length  of  the  proglottis.  The  yolk  duct  (lig.  121)  joins  the  oviduct 
in  the  shell  gland  {s.  g.,  fig.  124),  a rounded  body  about  100  y-  in  diam- 
eter located  dorsal  of  the  isthmus  of  the  ovary.  From  the  shell  gland 
the  oviduct  continues  forward  and  yen  trad  to  the  vterus  {at. , figs. 
117,  121).  The  latter  at  first  is  a thin  canal,  ventrally  situated  near 
the  anterior  boundary  of  the  proglottis,  extending  transversely  beyond 
the  excretory  canals  on  either  side.  In  gravid  segments  the  uterus 
becomes  a large  sac  with  outpocketings  which  push  betweeiiThe  longi- 
tudinal muscle  bundles  and  out  against  the  cuticula,  thus  filling  most 
of  the  segment. 

Eggs. — The  egg  (fig.  125)  is  spherical  or  oval  and  possesses  an  outer 
and  an  inner  membrane.  The  latter  closeh^  invests  the  embryo  and  is 
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widel}"  separated  from  the  outer  membrane.  There  is  thus  consider- 
able similarit}^  between  the  eggs  of  Ilymenolepis  Janceolata  and  II. 
fUmirivta.  The  outer  merihrane  of  the  former,  however,  does  not 
become  thickened  as  in  the  case  of  the  latter,  but  remains  very  thin, 
and  the  intervening  substance  between  the  two  membranes  is  less  con- 
spicuous, and  does  not  ordinarily  present  the  appearance  of  a third 
membrane  as  is  usual  in  the  latter  instance.  The  inner  niemlyrane 
occasionally  presents  polar  papillae  as  in  II.  diniinuta  and  II.  nana. 
The  egg  measures,  according  to  Railliet  (1893),  50  by  35  yu,  and  the 
embrvonal  hooks,  according  to  Krabbe  (1869),  8 g.  According  to  ni}" 
own  measurements  the  outer  membrane  varies  from  60  to  100  y in 
diameter,  the  inner  measures  30  by  25  y to  40  by  25  yu,  and  the  hooks 
from  12  to  15  y. 

DEVELOPMENT  AND  LIFE  HISTORY. 

Mrazek  (1896,  p.  11)  mentions  some  cvsticercoids  which  he  found  in 
various  small  crustaceans  of  the  famih^  Cyclopidee.  These  c^^sticer- 
coids  agreed  as  to  the  form  and  size  of  the  hooks  with  II.  hmceolata.^ 
and  Mrazek  accordingly  considered  them  the  intermediate  stage  of  the 
tapeworm  under  discussion.  He  gives  no  description  or  figures, 
merelv  remarking  that  the  cvsticercoids  are  almost  exactlv  similar  to 
those  of  Teenia  setigera. 

Dadai  (1900a)  found  a large  number  of  specimens  of  a cercocystis 
(figs.  126-130)  in  small  Crustacea,  I) iaptonius  sgnnosus  Dadai,  collected 
from  stagnant  pools  in  Yadkert,  Hungary,  which  he  would  identif}" 
with  Ilymenolepis  {Drei?anidot8enia)  lanceolata  (Bloch). 

The  c}vst  is  more  or  less  spherical  with  a remarkably  thick  wall,  the 
circular  and  longitudinal  muscle  layers  being  remarkabh^  well  devel- 
oped. A few  calcareous  corpuscles  were  seen  in  the  inner  layer  of 
the  parenchyma  of  the  cyst  wall.  The  cyst  measured  0.23  to  0.28 
mm.  in  length,  and  U.18  to  0.23  mm.  in  diameter. 

The  head  was  occasionally  seen  extruded  through  the  anterior  open- 
ing of  the  cyst  (fig.  128),  but  usually  was  found  retracted  and  filling 
the  cavity  of  the  cyst  almost  entirely  (figs.  126,  127).  The  rostellum 
was  either  retracted  into  the  scolex  or  protruded.  The  number  (8) 
and  the  form  of  the  hooks  (fig.  127)  was  the  same  as  in  II.  lanceolata.^ 
but  their  size  Avas  A^eiw  difi'erent,  55  to  60  yw,  while  in  the  latter  they 
measure  only  31  to  35  u,  which  renders  the  correctness  of  Dadai’s 
identification  rather  doubtful. 

The  caudal  appendage  is  remarkable  for  its  Ajeiy  great  length.'  Its 
surface  is  very  frequently  marked  by  ring-like  corrugations.  It  con- 
sists chiefly  of  granulated  protoplasm  and  sometimes  of  masses  of 
parenchyma  cells;  running  lengtliAvise  through  its  center  is  a char- 
acteristic thread-like  structure^  Avhich  consists  of  a dark,  finely  granu- 
lar layer  of  protoplasm  surrounding  a still  darker  central  fiber  (fig. 
127). 
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It  has  not  been  proved  experimentally  that  the  larva?  found  bv 
Mrazek  or  Dadai  represent  the  intermediate  stage  of  Hymenolejyh 
lanceolata;  but,  upon  the  assumption  that  they  or  similar  larva?  belong 
to  the  life-cycle,  it  may  be  presumed  that  infection  occurs  as  follows: 
The  embryos  of  the  tapeworm  are  distributed  in  stagnant  pools  by 


Fig.  126. — Cercocystis  of  [?]  H.  lanceolata  with  scolex  retracted.  Enlarged.  (After  Dadai.  1900a, 
pi.  10,  fig.  9.) 

Fig.  127. — Cercocystis  oi  [?]  H.  lanceolata  with  scolex  retracted.  Enlarged.  (After  Dadai.  1900a, 
pi.  10,  fig.  7.) 

Fig.  128. — Cercocystis  of  [?]  H.  lanceolata  with  scolex  i)rotruded.  Enlarged.  (After  Dadai,  1900a. 
pi.  10,  fig.  11.  I 

Fig.  129. — Section  of  wall  of  cercocystis  of  [?]  H.  lanceolata.  Enlarged.  (After  Dadai.  19‘J0a,  pi.  10, 
fig-  12.) 

Fig.  130. — Hooks  of  cercocystis  of  [?]  H.  lanceolata.  Enlarged.  ' (After  Dadai,  1900a,  pi.  10,  fig.  8.) 

infected  ducks  or  geese,  and  are  ingested,  Avhether  before  or  after 
hatching  is  not  known,  by  Cydojjs.^  Diajitom  us,  or  other  small  Crusta- 
cea, in  the  body  cavity  of  which  the  intermediate  stage  develops.  The 
intermediate  stage  is  introduced  into  the  alimentarv  canal  of  some 
animal,  normally  a duckvir  a goose,  by  the  drinking  of  water  contain- 
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ing-  infected  Crustacea,  and  the  dehnitive  stage  may  then  he  developed. 
Although  certainly  very  unusual,  it  appears  that  development  of  the 
adult  following  the  ingestion  of  the  intermediate  stage  ma}"  occur 
also  in  the  human  intestine. 

ABSTRACT  OF  CASE  OF  HYMEXOEEPIS  EAXCEOEATA  IX 

MAX. 

Breslau,  Germany,  1902  1 case. 

This  unique  case  has  been  reported  by  Zschokke  (1902a,  b) , who  received  two 
tapeworms  for  determination  which  had  been  passed  spontaneously,  at  two  different 
times,  by  a 12-year-old  boy  at  Breslau.  The  heads  were  lacking  in  both  specimens, 
but  a careful  anatomical  study  left  no  doubt  as  to  their  identity  with  Hymenolepis 
lanceolata  CBloch) . 

COMPEXOIUM  OF  THE  THREE  PARASITES,  II.  XAXA,  H. 
HIMIXUTA,  AXH  II.  EAXCEOEATA,  ARRAXGEH  ACCORD- 
IXG  TO  THEIR  HOSTS. 

In  the  following  compendium  all  the  hosts  reported  for  any  of  the 
three  tapeworms  discussed  in  this  paper  are  included. 

(*)  Signifies  that  I have  examined  specimens  of  the  parasite  from  the 
host  in  question. 

(?)  Signifies  that  the  correctness  of  the  determination  is  considered 
doubtful. 

Class  MAMMALIA — Mammals. 

Order  PRIMATES. 

HOMO  SAPIENS— Man. 

* Hymenolepis  nana Intestine. 

Hymenolepis  nana : ? Bladder  (p.  56). 


* Hymenolepis  diminuta Intestine. 

Hymenolepis  lanceolaia Intestine. 

Order  RODENTIA — Rodents. 

MUS  DECUMANUS" — Brown  or  Norway  rat. 

* Hymenolepis  nana Intestine. 

* Hymenolepis  diminuta Intestine. 

MUS  RATTUS  ALEXANDRINUS— Egyptian  or  roof  rat. 

Hymenolepis  diminuta Intestine. 

MUS  RATTUS— Black  rat. 

Hymenolepis  nana Intestine. 

Hymenolepis  diminuta Intestine. 


a The  names  used  for  the  rodents  in  this  list  are  those  given  by  Trouessart,  1889-1898,  Catalogus 
mammalium  tarn  viventium  quam  fossilium.  Nova  editio  (prima  completa).  8°.  Berlin. 
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MUS  MUSCULUS — House  mouse. 

Hymenolepis  nana Intestine. 

Hymenolepis  diminuta Intestine. 

MUS  MINUTUS — Dwarf  field  mouse. 

Hymenolepis  nana  Intestine. 

MUS  SYLVATICUS— Wood,  or  field  mouse. 

Hymenolepis  nana Intestine. 

ELIOMYS  QUERCINUS— Garden  dormouse. 

Hymenolepis  nana Intestine. 

RHIPIDOMYS  PYRRHORHINUS. 

Hymenolepis  diminuta Intestine. 

Class  AVES— Birds. 

ANAS  BOSCHAS  DOMESTICA— Tame  duck. 

Hymenolepis  lanceolata Intestine. 

ANAS  OBSCURA — Black  duck. 

Hymenolepis  lanceolata Intestine. 

ANSER  ANSER  DOMESTICUS— Tame  goose. 

* Hymenolepis  lanceolata Intestine. 

CAIRINA  MOSCHATA— Muscovy  duck. 

Hymenolepis  lanceolata Intestine. 

ERISMATURA  LEUCOCEPH ALA— White-headed  duck. 

Hymenolepis  lanceolata Intestine. 

AYTHYA  FERINA— Pochard. 

Hymenolepis  lanceolata Intestine. 

AYTHYA  NYROCA— African  teal. 

Hymenolepis  lanceolata Intestine. 

AYTHYA  RUFINA— Red-crested  pochard. 

Hymenolepis  lanceolata Intestine. 

PHCENICOPTERUS  ROSEUS— Flamingo. 

Hymenolepis  lanceolata Intestine. 

Branch  ARTHROPODA — Arthropods. 

Class  INSECTA — Insects. 

ASOPIA  FARINALIS— Meal  moth. 


Hymenolepis  diminuta  (larval  stage) 


Abdominal  cavitv. 
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ANISOLABIS  ANNULIPES— Earwig. 

Ilymenolepis  dlminuta  (larval  stage) Abdominal  cavity. 

ACIS  SPINOSA— Beetle. 

Hymenolepis  diminuta  (larval  stage) Abdominal  cavity. 

SCAURUS  STRIATUS— Beetle. 

Hymenolepis  diminuta  (larval  stage) Abdominal  cavity. 

Class  CRUSTACEA — Crustaceans. 

Order  COPEPODA. 

Family  CYCLOPID.E. 

Genera?  species? 

f Hymenolepis  lanceolata  (larval  stage). 

DIAPTOMUS  SPINOSUS. 


f Hymenolepis  lanceolata  (larval  stage). 


BIBI.IOGIIAPHX. 


The  following  bibliograph}",  compiled  with  the  assistance  of  Mr. 
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xii — 354  pp.,  64  figs.,  7 pis.,  79  figs.  8°.  Milano.  [W™.] 

1894a. — Manuale  di  microscopia  clinica,  con  aggiunte  risguardanti  1’  uso  del 
. microscopio  nella  medicina  legale.  4.  ed.,  completamente  rifusa  ed 
aumentata.  xii— 397  pp.,  75  figs.,  8 pis.  8°.  Milano.  [W*^.] 
Bizzozeeo,  Giulio;  & Firket,  Ch. 

1885a. — Manuel  de  microscopie  clinique,  microscopie  legale,  chimie  clinique,  tech- 
nique, bacterioscopique.  2.  French  ed.,  xvii— 557  pp.,  103  figs.,  7 pis.,  41 
figs.  8°.  Paris  & Bruxelles.  [M’“.] 

Blanchard,  Eaphael  Anatole  Emile.  [Prof.  Ecole  de  med.,  Paris.]  [1857-  .] 

1886a. — Traite  de  zoologie  medicale.  v.  1:  Protozoaires,  histoire  de  Toeuf,  coel- 
enteres,  echinodermes,  vers  (aneuriens,  plathelminthes,  nemathelmin- 
thes).  Fasc.  2,  pp.  193-480,  figs.  125-271.  [Published  July  10.]  [W“.] 

*1886e. — Xouvelle  observation  de  Teenia  nana  <^Compt.  rend.  Soc.  de  biol.,  Par., 
V.  38,  8.  s.,  V.  3 [(26),  9 juillet],  pp.  326-332,  figs.  1-4.  [W%  W“.]  , 

*1886f. — Sur  une  nouvelle  anomalie  des  tenias  <^Compt.  rend.  Soc.  de  biol..  Par., 
V.  38,  8.  s.,  V.  3 [(?6),  9 juillet],  pp.  332-333,  1 fig.  [W^,  W“.] 

1886k. — Helminthes,  helminthiase,  helminthologie  <CDict.  encycl.  d.  sc.  med.^  Par., 
4.  s.,  V.  12,  pp.  627-655.  [W”^.] 

*1891a. — Histoire  zoologique  et  medicale  des  teniades  du  genre  Hymenolepis  AVein- 
land.  112  pp.,  22  figs.  8°.  Paris.  [W^] 
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Blanchard,  Raphael  Anatole  Emile — Continued. 

*1891n. — Nouveau  cas  de  tenia  nain  {Hymenolepis  nana)  en  Amerique  <Bull.  Soc. 

zool.  de  France,  Par.,  v.  16  (6),  juin,  pp.  165-167.  [W^] 

*1891o. — Idem  <Compt.  rend.  Soc.  de  biol..  Par.,  v.  43,  9.  s.,  v.  3 [(20),  11  juin], 
pp.  441-443.  [W%  W“.] 

1891t. — Notices  helminthologiques  (deuxieme  serie)  <^Mem.  Soc.  zool.  de  France, 
Par.,  V.  4 (3-t),  pp.  420-489,  figs.  1-38.  [W®.] 

1896b. — Parasites  animaux  <Traite  de  path.  gen.  (Bouchard),  Par.,  v.  2,  pp.  649- 
810,  figs.  47-109,  1 table.  [W“.] 

Bloch,  M[arcus]  E[lieser].  [Berlin.]  [172%-1799.] 

* (1779a). — Beitrag  zur  Naturgeschichte  der  Wiirmer,  welche  in  anderen  Thiere 
leben  <Beschaft.  d.  Berl.  Gesellsch.  naturf.  Fr.,  v.  4,  pp.  534-561,  pi.  12, 
figs.  3-5;  pis.  14-15. 

* 1782a. — Abhandlung  von  der  Erzeugung  der  Eingeweidewurmer  und  den  Mit- 
teln  wider  dieselben.  Fine  von  der  Koniglich  Diinischen  Societal  der 
Wissenschaften  zu  Copenhagen  gekronte  Preisschrift.  2 p.  1.,  54  pp.,  10 
pis.  8°.  Berlin.  [W^] 

DE  Bonis,  Teodosio.  [Prof,  agreg.  patol.  gen.,  Univ.  Napoli.] 

1876a. — I parassiti  del  corpo  umano  in  rapporto  con  le  alterazioni  locali  e generali 
dell’  organismo.  viii-r226  pp.,  figs.  1-22,  pi.  1,  figs.  1-13;  pi.  2,  figs. 
1-18.  8°.  Napoli.  [W"‘.] 

1882a. — Los  parasitos  del  cuerpo  humano  en  relacion  con  las  alteraciones  locales  y 
generales  del  organismo.  Traducida  del  italiano  y considerablemente 
aumentada  con  notas  y un  vocabulario  de  parasitolgfa  por  Carlos  Marfa 
Cortezo.  xiii^311  pp.,  figs.  1-22,  pi.  1,  figs.  1-13;  pi.  2,  figs.  1-18.  8°. 

Madrid.  [W“.] 

Bourcier,  C.  a.  N. 

1859a. — De  I’origine  du  tenia  ou  ver  solitaire  et  des  maladies  hydatiques.  These. 
59  pp.  4°.  Paris.  [W“.] 

Brass,  Arnold.  [Asst.,  Zool.  Inst.,  Leipz.] 

1884a. — Die  thierischen  Parasiten  des  Menschen.  Im  Anhang  Tabellen  enthaltend 
die  wichtigsten  Merkmale  der  Parasiten.  Diagnosen  und  Angaben  liber 
die  Therapie  der  durch  die  Parasiten  hervorgerufenen  pathologischen 
Erscheinungen.  vii— 123  pp.,  10  1.,  5 tables,  pis.  1-6.  8°.  Cassel. 

[W“] 

Braun,  Max.  [Prof.  Zool.,  Konigsberg  i.  Pr. ; Dr.  med.  et  phil.,  Dorpat.] 
[1850-  .] 

1883a. — Die  thierischen  Parasiten  des  Menschen  nebst  einer  x\nleitung  zur  prakti- 
schen  Beschaftigung  mit  der  Helminthologie  fur  Studierende  und  Aerzte. 
viii+233  pp.,  72  figs.  8°.  Wurzburg.  [W^] 

1894a. — Vermes <Bronn’s  Klass.  u.  Ordnung.  d.  Thier-Reichs,  Leipz.,  v.  4,  Abt. 

Ib,  Lief.  31-32,  pp.  927-1006;  Lief.  33-35,,  pp.  1007-1118;  Lief.  36-37, 
pp.  1119-1166,  fig.  37,  pis.  35-37.  [W^] 

1895a. — Idem  [continued]  <Ibidem,  Lief.  38-42,  pp.  1167-1246,  figs.  38-43,  pis. 
38-47.  [Continued,  1896a.]  [W^] 

1895b. — Die  thierischen  Parasiten  des  Menschen.  Fin  Handbuch  fur  Studirende 
und  Aerzte.  2.  Aufi.,  283  pp.,  147  figs.  8°.  Wurzburg.  [W^] 

1896a. — Vermes.  [Continuation  of  Braun,  1895a]  <Bronn’s  Klass.  u.  Ordnung.  d. 

Thier-Reichs,  Leipz.,  v.  4,  Abt.  Ib,  Lief.  43-44,  pp.  1247-1294,  figs.  44-49, 
pi.  48;  Lief.  45-47,  pp.  1295-1358,  figs.  50-61,  pis.  49-50.  [W^] 

1897a. — Idem  [continued]  <Ibidem,  Lief.  48-49,  pp.  1359-1406,  figs.  62-67,  pis. 

51-52;  Lief.  50-62,  pp.  1407-1454,  fig.  68,  pis.  53-56;  Lief.  53-55;^pp. 
1455-1534,  fig.  68  [sic] -85,  pis.  57-58.  [W^] 

1898a. — Idem  [continued]  <Ibidem,  Lief.  56-58,  1535-1614,  figs.  86-112,  pi.  59. 
[W^J 
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Braun,  Max — Continued. 

1900a. — Idem  [continued]  <Ibidem,  Lief.  59-62,  pp.  1615-1731.  [W^] 

1903a. — Die  thierischen  Parasiten  des  Menschen.  Ein  Handbuch  fiir  Studirende 
und  Aerzte.  3.  Aufl.,  xii+360  pp.,  272  figs.  8°.  Wiirzburg.  [W^] 
Bucklers.  [Arzt,  M.-Gladbach.j 

*1894a. — Ueber  den  Zusammenhang  der  Vermehrung  der  eosinophilen  Zellen  ini 
Blute  init  dem  Vorkommen  der  Charcot’ schen  Krystalle  in  den  Faces  bei 
AVurinkranken<Munchen.  med.  Wchnschr.,  v.  41  (2),  9.  Jan.,  pp.  21-23, 
1 table;  (3),  16.  Jan.,  pp.  47-49.  [W“.] 

Butler,  Glentworth  Peeve.  [Meth.-Episc.  Hospital,  Brooklyn.]  [1855-  .] 

1901a. — The  diagnostics  of  internal  medicine;  a clinical  treatise  upon  the  recog- 
nized principles  of  medical  diagnosis,  prepared  for  the  use  of  students  and 
practitioners  of  medicine,  xxviii  + 1059  pp.,  5 pis.,  246  figs.,  chart.  8°. 
New  York.  [W™.] 

Calandruccio,  Salvatore.  [Doth  med..  Lib.  Insegnante  di  Zoologia  ed  Anatomia 
comparata,  r.  Univ.  Catania.] 

*1889a. — Animali  parassiti  dell’  uomo  in  Sicilia.  [Secretary’s  abstract  of  Calan- 
druccio, 1890a]  <Bull.  mens.  Accad.  Gioenia  di  sc.  nat.  in  Catania,  n.  s. 
(3),  gennaio,  pp.  6-10.  [W^] 

*1890a. — Animali  parassiti  dell’ uomo  in  Sicilia  <Atti  Accad.  Gioenia  di  sc.  nat.  in 
Catania  (1889-90),  An.  66,  4.  s.,  v.  2,  pp.  95-135.  [W°.] 

CiMA,  Francesco.  [Asst.,  1st.  d.  din.  pediat.  d.  r.  Univ.  Napoli.] 

*1893a. — Sulla  elmintiasi  dei  bambini.  [Communicazione  fatta  all’  II.  Congresso 
pediatrico,  Napoli,  20-24  ottobre,  1892]  <Pediatria,  Napoli,  v.  1 (2),  20 
feb.,  pp.  39-48.  [W"\] 

*1896a. — Sulla  elmintiasi  dei  bambini.  Nuove  ricerche  ed  osservazioni  cliniche 
<Pediatria,  Napoli,  v.  4 (10),  ottobre,  pp.  303-312.  [\V“*.] 

*1896b. — Sulla  elmintiasi  dei  bambini.  [Extract  from  Cima,  1893a]  <Atti  d.  Cong, 
pediat.  ital.,  Napoli  (1892),  pp.  403-408.  [W"‘.] 

Claus,  C[arl  Frederick  Wilhelm].  [Prof.  Zool.  u.  vergl.  Anat.,  Univ.  Wien.] 
[1835-  .] 

1885a. — Lehrbuch  der  Zoologie.  3.  Aufl.,  xi  + 828  pp.,  762  figs.  8°.  Marburg  & 
Leipzig.  [W*“.] 

1894a. — Eingeweidewurmer  des  Menschen  <Biblioth.  d.  g.  med.  Wissensch.  f. 

prakt.  Aerzte  u.  Specialarzte,  interne  Med.  u.  Kinderkrankh.,  Wien  & 
Leipz.,  V.  1,  pp.  463-491,  figs.  1-52.  [W“.] 

CoBBOLD,  Thomas  Spencer.  [1828-1886.] 

[1862i]. — Remarks  on  all  the  human  entozoa<^Proc.  Zool.  Soc.  Lond.  (18-20),  pp. 
288-315.  [W^] 

1864b. — Entozoa;  an  introduction  to  the  study  of  helminthology,  with  reference, 
more  particularly,  to  the  internal  parasites  of  man.  xxvi+480pp.,  82 
figs.,  21  pis.  8°.  London.  [W'^.] 

1866a. — Tapeworms  (human  entozoa);  their  sources,  nature,  and  treatment,  vi  + 
83  pp.,  15  figs.  12°.  London.  [W^] 

1867a. — Tapeworms  and  threadworms  (human  entozoa^;  their  sources,  nature,  and 
treatment.  2.  ed.,  vi  f 101  -f-  32  pp.,  1 1.,  15  figs.  12°.  London.  [W% 
W"'.] 

1872a. — Worms;  a series  of  lectures  on  practical  helminthology  delivered  at  the 
medical  college  of  the  Middlesex  hospital;  with  cases  illustrating  the 
symptoms,  diagnosis,  and  treatment  of  internal  parasitic  diseases.  xi+ 
178  pp.  8°.  London.  [W"'.] 

1879b. — Parasites;  a treatise  on  the  entozoa  of  man  and  animals,  including  some 
account  of  the  ectozoa.  xi+508  pp.,  85  figs.  8°.  London.  [W^] 

(1882b). — Human  parasites.  A manual  of  reference  to  all  the  known  species  of 
entozoa  and  ectozoa  which  are  found  infesting  man.  88  pp.  8°.  London. 
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CoBBOLD,  Thomas  Spencer — Continued. 

1883a. — Tapeworms;  their  sources,  varieties,  and  treatment.  With  180  cases, 
4.  ed.,  2 p.  1.,  133  pp.  12°.  London.  [W%  W™.] 

Cohn,  Ludwig,  [Dr.,  Asst,  Zool.  Inst.,  Greifswald.]  [1873-  .] 

*1899c. — Zur  Systematik  der  Yogeltiinien.  Yorlaufige  Mittheilung  <^Centra]bl.  f. 

Bakteriol.,  Parasitenk.  [etc.],  Jena,  1.  Abt.,  v.  25,  (12),  31.  Marz, 
pp.  415-422.  [W^] 

*1899e, — Zur  Systematik  der  Yogeltiinien.  II  <^Centralbl.  f,  Bakteriol.,  Parasitenk. 

[etc.],  Jena,  1.  Abt.,  v.  26  (7-8),  26.  Aug.,  pp.  222-227.  [MS.  dated 
20.  Juni.]  [W^] 

*1899g. — Zur  Systematik  der  Yogeltsenien.  Ill  <(Zool.  Anz.,  Leipz.  (599),  v.  22, 
19.  Oct.,  pp.  405-408.  [MS.  dated  26.  Sept.]  [W^.] 

*1900b. — Zur  Systematik  der  Yogeltiinien.  lY  <Centralbl.  f.  Bakteriol.,  Para- 
sitenk. [etc.],  Jena,  1.  Abt,,  v.  27  (9),  10.  Miirz,  pp.  .325-328.  [MS. 
dated  13.  Jan.]  [W^] 

*1901b. — Zur  Anatomie  und  Systematik  der  Yogelcestoden.  [Paper  presented  16. 

Apr.]  <Nova  Acta  Acad.  nat.  curios.,  Halle,  v.  79  (3),  pp.  263-450,  pis. 
28-35,  figs.  1-86.  [W^] 

Comini,  Enrico.  [Doth,  Directore  e med.  primario  del  civico  Ospitali  de  Yarese.] 
*1886a. — Epilessia  reflessada  Tenia  nana.  [Same  as  Comini,  1887a]  <Boll.  d.  Soc. 

med.  -chir.  da  Pavia,  Milano  (1886),  (2),  pp.  71-73.  [W“.] 

*1887a. — Epilessia  riflessada  Tenia  nana  ( T eegyptiaca  ).  [Same  as  Comini,  1886a] 
<Gazz.  d.  Osp.,  Milano,  v.  8 (8),  26  gennaio,  pp.  59-62.  [MS.  dated 
ottobre,  1886;  nota,  pp.  61-62,  31  die.]  [W"\] 

*1888a. — Due  casi  di  Tenia  nana.  Caso  di  corea  parziale  parossistica  rifiessa 
<Gazz.'nied.  ital.  lomb.,  Milano,  v.  48,  n.  s.,  v.  1 (9),  3 mar,  pp.  81-82. 
[MS.  dated  gennaio.]  [W“.] 

Creplin,  Frid[rich]  Christ[ian]  Henr[ich].  [Dr.  Greifswald.] 

* 1825a. — Observationes  de  entozois.  x+86  pp.,  1 1.,  1 pi.,  17  figs.  8°.  Gryphis- 
waldiae.  [W\] 

1849a. — Nachtrage  von  Creplin  zu  Gurlt’s  Yerzeichnisse  der  Thiere,  in  welchen 
Endozoen  gefunden  worden  sind<Arch.  f.  Naturg.,  Berk,  15.  J=,  v.  1, 
pp.  52-80.  [Wk] 

Dadai,  Jeno.  [Dr.  phil.,  Zool.  Inst.,  Budapest.] 

*1900a. — Helminthologische  Studien.  Einige  in  Siisswasser-Entomostraken  lebende 
CcrcocysfiVFormenc^Zool.  Jahrb.,  Jena,  Abt.  f.  Syst.,  v.  14  (3),  28.  Dec., 
pp.  161-214,  pis.  10-12,  figs.  1-67.  [W^] 

Davaine,  Casimir-Joseph.  [Dr.,  Membre  de  la  Soc.  de  bioL,  Laureat  de  I’lnstitut.] 
[1812-1882.] 

1860a. — Traite  des  entozoaires  des  maladies  vermineuses  de  I’homme  et  des 
animaux  domestiques.  xix+xcii+838  pp.,  57-j-31  figs.  8°.  Paris. 
[W%  W“] 

1873a. — Cestoides  <Dict.  encycl.  d.  sc.  med.,  v.  14,  pp.  547-593,  figs.  1-12.  [W“.] 

1877a. — Traite  des  entozoaires  et  des  maladies  vermineuses  de  I’homme  et  des  ani- 
maux domestiques.  2.  4d.,  cxxxii-fl003  pp.,  72+38  figs.  8°.  Paris. 
[W^] 

Delafield,  Francis  [M.  D.,  Prof.,  Columbia  Univ.,  New  York];  & Prudden,  T. 
Mitchell  [M.  D.,  Prof.,  Columbia  Univ.,  New  York]. 

1885a. — A handbook  of  pathological  anatomy  and  histology,  with  an  introductory 
section  on  post-mortem  examinations  and  the  methods  of  preserving  and 
examining  diseased  tissues,  xvi+575  pp.,  146  figs.  8°.  New  Y'ork. 
[W“] 

1897a. — A handbook  of  pathological  anatomy,  with  an  introductorj^  section  on 
post-mortem  examinations  and  the  methods  of  preserving  and  examining 
diseased  tissues.  5.  ed.,  846  pp.,  365  fi^gs.  8°.  London.  [W^] 
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Dewitz,  Johannes.  [M.  D.,  Berlin.] 

1892b. — Die  Eingeweide warmer  der  Haussaugetiere.  iv-L-180  pp.,  141  figs.  12°. 
Berlin.  [W% 

Diesing,  Carl  Moritz.  [Gustos  am  k.  k.  Hofnaturalien  Cabinet  zu  Wien.]  [1800- 
1867.] 

1850a. — Svstema  helminthum.  v.  1,  xiii  pp.,  1 1.,  679  pp.  8°.  Yindobonae. 
_[W“] 

1854b. — IJber  eine  naturgemasse  Yertheilung  der  Cephalocotyleen  <Sitzungsb. 

d.  k.  Akad.  d.  Wissensch.,  AYien,  Math.-naturw.  Cl.,  v.  13(2},  Juli,  pp. 
556-616.  [W®.] 

1863b. — Revision  der  Cephalocotyleen.  Abtheilung:  Cyclocotyleen.  [Presented 
5.  Xov.]  <Sitzungsb.  d.  k.  Akad.  d.  Wissensch.,  Wien,  Math.-naturw. 
CL,  V.  49,  1.  Abt.  (4),  pp.  357-430.  [W®.] 

Drivon,  J.  [Medecin  hon.  d.  Hopital  de  Lyon.] 

1891a. — Les  parasites  animaux  de  I’espece  humaine  dans  la  region  lyonnaise  en 
particulier.  58  pp.,  1 1.,  1 pi.  4°.  Lyon.  [W“.] 

1891b. — Idem  <Lyonmed.,  v.  68  (38),  20  sept.,  pp.  73-86,  1 pL,  figs.  1-9;  (39), 
27  sept.,  pp.  109-123;  (40),  4 oct.,  pp.  143-153;  (41),  11  oct.,  pp.  181-193. 
[W-.] 

Dujardin,  Felix.  [Prof.  zooL,  Paris.]  [1801-1860.] 

*1845a. — Histoire  naturelle  des  heiminthes  ou  vers  intestinaux.  xvi+654+15 
pp.,  12  pis.  8°.  Paris.  [W^,  W“.] 

Eichhorst,  Hermann  Ludwig.  [Prof.  Special  Path.  & Therap.  and  Director  Med. 
Clinic,  Eniv.  Zurich.]  [1849-  .] 

1901a. — A textbook  of  the  practice  of  medicine.  [Transl.  from  German  by  Augus- 
tus A.  Eshner.]  v.  1,  628  pp.,  84  figs.  8°.  Philadelphia  ck  London. 
[W“.] 

Favarcq,  Louis.  [Cabinet,  Hist,  nat.,  St. -Etienne,  Loire.] 

*1894a. — Sur  une  variete  de  V Hymenolepis  murina  (teniade)  trouve  dans  I’intestin 
d’un  lerot  <[Loire  med.,  St.-Etienne,  v.  13  (11),  15  nov.,  pp.  299-306, 
1 x>L,  figs.  1-11.  [W“.] 

Feuereisen,  Johannes. 

* 1868a. — Beitrag  zur  Kenntniss  der  Taenien  <YZtschr.  f.  wissensch.  ZooL,  J^eipz., 

V.  18  (2),  25.  Juni,  pp.  161-205,  jil.  10.  [W®.] 

Frisch,  Joh.  Leonhard.  [Rektor,  Gymnasium  z.  Grauen  Kloster;  Mitglied  Akad. 
d.  Wissensch.,  Berlin.]  [1666-1743.] 

* 1727b. — De  ticniis  in  anserum  intestinis  <(Misc.  BeroL,  v.  3,  p.  42.  [W“.] 

*1781a. — Yon  Bandwiirmern  in  den  Gedarmen  der  Giinse.  [Transl.  of  Frisch, 

1727b]  <(Phys.  u.  med.  Abhandl.  d.  k.  Akad.  d.  IVissensch.  zu  Berlin, 
Gotha,  V.  1,  pji.  155-156.  [W“.] 

Galli-Yalerio,  Bruno.  [Prof,  extraordinaire  Faculte  de  med.,  Lausanne.] 

1896a. — Manualedi  parassitologia  in  tavole  sinottiche  (vermi  e artropodi  dell’  uomo 
e deglianimale  domestic! ).  xiv— 125 pj).,  1 table.  12°.  Milano.  [W“.] 
Gmelin,  Jo.  Frid. 

1790a. — Carol!  a Linne  Systema  naturae,  v.  1,  pt.  5,  iiji.  2225-3020;  pt.  6,  pp.  3021- 
3909.  8°.  Lipsiae.  [W®.] 

Goeze,  Johann  August  Ephraim.  [Pastor  u.  Hofdiakonus,  Quedlinburg.  ] [1731- 

1793.] 

*1782a. — Yersuch  einer  Yaturgeschichteder  Eingeweidewurmer  thierischer  Korj^er. 
xi-j-471  jip.,  35  pis.  4°.  Blankenburg.  [W%1Y°^.] 

Goldberg,  Oscarus  Feodohus  Paulus  Ferdinandus. 

[1855a]. — Helminthum  dispositio  systematica.  Diss.  130  pp.,  2 L,  1 jiL,  22  figs. 
8°.  Berolini.  [W%  5Y“.] 
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Goubert,  Elie,  [Dr.] 

1878a. — Des  vers  chez  les  enfants  et  des  maladies  vermineiises.  xi-^163  pp.,  61  figs. 
8°.  Paris.  [W“‘.] 

Grassi,  Giovanni  Battista.  [Prof.  ord.  Anat.  comp. ; Direttore  Gabinetto  Anat. 
comp.,  Univ.  Roma.] 

*1879h. — II  botriocephalo  lato.  (Contribuzione  alio  studio  delT  elmintologia. 

2)  <Gazz.  med.  ital.  lomb.,  Milano,  v.  39,  8.  s.,  v.  1 (16),  19  apr.,  pp. 
154-156,  1 fig.  [AV“.] 

*1886a. — Cemio  preventivo  intorno  ad  una  nuova  malattia  parassitaria  dell’  uomo 
<CGazz.  d.  osp. , Milano,  v.  7 (57),  18  liiglio,  p.  450.  [MS.  dated  25  maggio.] 
[W-.] 

*1886b. — Ulteriori  particolari  intorno  alia  Txnla  nana.  Nota  preliminare  <Gazz. 

d.  osp.,  Milano,  v.  7 (98),  29  settembre,  pp.  619-620.  [MS.  dated  10 
giugno.]  [M""'.] 

*1887a. — Come  la  Txnia  nana  arri vi  nel  nostro  organismo.  Xota  preliminare  <CGior. 

di  anat.,  fisiol.  e pa"ol.  d.  animali,  Pisa,  v.  19  (3),  maggio-giugno,  pp. 
153-156.  [MS.  dated  28  apr.  and  3 maggio.]  [W“.] 

*1887d. — Die  Teenia  nana  iind  ihre  medicinische  Bedeutung.  Yorlaufige  Mitthei- 
lung.  [Transl.  of  Grassi,  1886b,  vith  additional  note]  <[Centralbl.  f. 
Bakteriol.  u.  Parasitenk.,  Jena,  1.  J.,  v.  1 (4),  pp.  97-100,  2 figs.  [MS. 
dated  Jiini,  1886;  note,  p.  100,  dated  Jan.,  1887.]  [W“,  W™.] 

*1887f. — Bestimmung  der  vier  von  Dr.  E.  Parona  in  einem  kleinen  Miidchen  aus 
Varese  (Lombardei)  gefundenen  TsiemQix  {Tsenia  iiavopunctata?  Dr.  E. 
Parona)  <Centralbl.  f.  Bakteriol.  u.  Parasitenk.,  Jena,  1.  J.,  v.  1 (9), 
pp.  257-259.  [MS.  dated  13.  Jan.]  [W%  W"‘.] 

*1887h. — Entwickelimgscyclus  der  Teenia  nana.  Dritte  Praliminarnote  <^Centralbl. 

f.  Bakteriol.  u.  Parasitenk.,  Jena,  1.  J.,  v.  2 (11),  pp.  305-312.  [MS. 
dated  Jimi.]  [IV  AV“\] 

*[1888k].  — Txnia  flavopunctata  Wein.,  Taenia  leptocephala  Creplin,  Taenia  diininuta 
Rud.  [Presented  6 maggio]  <[Atti  r.  Accad.  d.  sc.  di  Torino  (1887-88), 
v.  23  (12),  pp.  492-501,  pi.  11,  figs.  1-19.  [M"®.] 

Grassi,  Giovanni  Battista;  & Calandruccio,  Salvatore. 

*1887a. — Einige  weitere  Xachrichten  liber  die  Taenia  nana.  Zweite,  Praliminarnote 
<Centralbl.  f.  Bakteriol.  u.  Parasitenk.,  Jena,  1.  J.,  \.2  (10),  pp.  282-285. 
[MS.  dated  Jimi.]  [W%  W“] 

Grassi,  Giovanni  Battista;  & Rovelli,  Giuseppe. 

*1888b. — Intorno  alio  sviluppo  dei  cestodi.  Nota  preliminare  <Atti  r.  Accad. 

d.  Lincei,  Roma,  Rendic.,  An.  285,  4.  s.,  v.  4 (12),  1.  semestre,  3 giugno, 
pp.  700-702.  [M"®.] 

*1889a. — Sviluppo  del  cisticerco  e del  cistercoide.  Nota  preliminare  <Atti  r. 

Accad.  d.  Lincei,  Rendic.,  Roma,  An.  286,  4.  s.,  v.  5 (3),  1.  semestre, 
3 feb.,  pp.  165-174,  figs.  1-4.  [W®.] 

* 1889b. — Embryologische  Forschungen  an  Cestoden  <,Centralbl.  f.  Bakteriol.  u. 

Parasitenk.,  Jena,  v.  5 (11),  8.  Marz,  pp.  370-377,  figs.  1^;  (12),  15. 
Marz,  pp.  401—410.  [MS.  dated  15.  Jan.]  [AV%  W“.] 

*1892a. — Ricerche  embriologiche  sui  cestodi  <Atti  Accad.  Gioenia  di  sc.  nat.  in 
Catania  (1891-92),  An.  68,  4.  s.,  v.  4,  2.  mem.,  108  pp.,  4pls.  [M"'^.] 
Guseff,  G.  I. 

*1892a. — Sluchay  Taeniae  nanae.  [Read  before  Obsh.  dietsk.  vrach.,  Mosk.,  19 
marta]  <Med.  Obozr. , Mosk.,  v.  37  (9),  12  maia,  pp.  803-805.  [1V“.] 

*1893a. — Idem<Trudi  Obsh.  dietsk.  vrach.,  Mosk.,  v.  1,  pp.  23-25.  [W“.] 

Hallock,  H.  M.  [M.  D.,  Capt.  & Asst.  Surg.,  L^.  S.  Army.] 

*1904a. — Tenia  nana;  report  of  two  cases  <[J-  Am.  M.  Ass.,  Chicago,  v.  42  (14), 
Apr.  2,  p.  891.  1V“.] 
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Heller,  Arnold  [Ludwig  Gotthilf].  [Dr.  Med.,  o.  Prof.  path.  Anat.;  Director 
path.-anat.  Inst.,  Kiel.]  [1840-  .] 

1876a. — Darmschmarotzer  <Handb.  d.  spec.  Path.  (Ziemssen),  Leipz.,  v.  7 (2),  pp. 
559-664,  figs.  1-53.  [^V“.] 

1876b. — Intestinal  parasites.  [Transl.  of  Heller,  1876a]  <Cycl.  Pract.  M.  (Ziems- 
sen), N.  Y.,  V.  7,  pp.  667-788,  figs.  1-53.  [\V“.] 

Hering.  [Dr.] 

1892a. — Uebersicht  der  Eingeweidewiirmer  und  Hautparasiten  <Jahresb.  d.  Ver.  f. 

vaterl.  Xaturk.  in  lYlirttemb.,  Stuttg.,  v.  28  (2-3),  Dec.,  pp.  129-165. 

Hirsch,  Josef  Christian  Maria.  [1854-  .] 

1879a. — Zur  Symptomatologie  und  Therapie  des  Band wurmleidens.  Diss.  34  pp. 
8°.  Greifswald.  [W“.] 

Huber,  J [oh.]  Ch[ristoph.].  [Med.-Rath  Dr.,  Memmingen.]  [1830-  .] 

1892b. — Bibliographic  der  klinischen  Helminthologie.  Heft.  3-4:  Die  Darmcesto- 
den  des  Menschen  (Geschichte  und  Litteratur  der  Taenien  und  Bothrio- 
cephalen).  pp.  69-150.  8°.  Munchen.  [W^] 

*1896a. — Animal  parasites  and  the  diseases  caused  by  them  < Twentieth  Cent. 
Pract.,  X.  Y.,  y.  8,  pp.  [499] -627,  figs.  70-105,  pis.  1-2.  [W“.] 

Luma,  Isao.  [Ph.  D.,  Prof.  Zool.,  Science  Coll.  Imp.  Univ.  Japan.]  [1862-  .] 

1889. — [The  animal  parasites  of  man.]  [Japanese  text.]  7—11—490—6  pp.,  7 pis. 
8°.  Tokio.  [W“.] 

Innes,  Walter  F.  [1858-  .] 

*1898. — Contribution  a P etude  des  affections  vermineuses  de  Phomme  observees 
en  Egypte.  These.  110  pp.,  11.  8°.  Lyon.  [Published  July.]  [W“^]. 
VON  Jaksch,  Rudolf. 

1892. — Klinische  Diagnostik  innerer  Krankheiten  mittels  bakteriologischer,  che- 
mischer,und  mikroskopischer  L^ntersuchungsmethoden.  3.  Aufh,  xxiii-f 
499  pp.,  140  figs.  8°.  Wien  A Leipzig.  [W^] 

Kahane,  Zygmunt. 

1880. — Anatomic  von  Tsenia  perfoliata  Goze,  alsBeitrag  zur  Kenntniss  derCestoden 
<Ztschr.  f.  wissensch.  Zool.,  Leipz.,  v.  34  (2),  7.  Mai,  pp.  175-254,  1 fig.,, 
pi.  8.  [W^] 

Kholodkovski,  X.  a. 

1898. — leones  helminthum  hominis.  v.  1 (Tseniadse).  18  pp.,  7 1.,  7 pis.  fol. 
Sanktpeterburg.  [Russian  text.]  [VV^“.] 

Kowalewski,  Mieczyslawa. 

*1895. — Studya  helmintologiczne.  I <Rozpr.  Akad.  Umiej.  wydz.  matemat.- 
przyr.,  Krakow.,  v.  29,  2.  s.,  v.  9,  pp.  349-367,  pi.  8,  figs.  1-28.  [W“.] 

Krabbe,  H. 

*1865. — Helminthologiske  L^nders0gelser  i Danmark  og  paa  Island,  med  sserligt 
Hensyn  til  Bliereormlidelserne  paa  Island.  64  pp.,  7 pis.,  117  figs.  4°. 
Kjobenhavn.  [W“.] 

*1866. — Recherches  helminthologiques  en  Danemark  et  en  Islande.  66  pp.,  1 1., 

7 pis.,  117  figs.  4°.  Copenhagen.  [Transl.  of  Krabbe,  1865.]  [W“.] 

*1869. — Bidrag  til  Kundskab  om  fuglenes  Bsendelorme.  120  pp.,  10  pis.,  303  figs. 
4°.  Kjobenhavn.  [Lib.  Stiles.] 

Kuchenmeister,  Gottlob  Friedrich  Heinrich. 

1855. — Die  in  und  an  dem  Kbrper  des  lebenden  Menschen  vorkommenden  Para- 
siten.  Ein  Lehr-  und  Handbuch  der  Diagnose  und  Behandlung  der 
thierischen  und  pflanzlichen  Parasiten  des  Menschen.  Zum  Gebrauche 
fiir  Studirende  der  Medicin  und  der  Xaturwissenschaften,  fiir  Lehrer  der 
Zoologie,  Botanik,  Physiologic,  pathologischen  Anatomic  und  fiir  prak- 
tischeArzte.  1.  Abt. : Die  thierischen  Parasiten.  xvi -486  pp.,  33  figs., 
9 pis.  8°.  Leipzig.  [W^] 
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KticHEXMEisTER,  GoTTLOB  Friedrich  Heinrich — Continued. 

1857. — On  animal  and  vegetable  parasites  of  the  human  body,  a manual  of  their 
natural  history,  diagnosis,  and  treatment.  [Transl.  from  2.  German  ed. 
by  Edwin  Lankester.]  v.  1:  Animal  parasites  belonging  to  the  group 
entozoa.  xx— 452  pp.,  4 figs.,  8 pis.  8°.  London.  W™.] 

Kuchexmeister,  Gottlob  Friedrich  Heinrich;  & Zurx,  Friedrich  Axtox. 
*[?1881]. — Die  Parasiten  des  Menschen.  2.  Aufi.,  x— 582  pp.,  15  pis.  8°. 
Leipzig.  [W^] 

Laboulbene,  a. 

1877. — Sur  les  tenias,  les  echinocoques  et  les  bothriocephales  de  I’homme  <Union 
mM.,  Par.,  3.  s.,  v.  24  (106),  11  sept.,  pp.  377-387;  (107),  13  sept.,  pp. 
397-399;  (109),  18  sept.,  pp.  421-425;  (110),  20  sept.,  pp.  441-445;  (112), 
25  sept.,  pp.  465-470;  (114),  29  sept.,  pp.  497-504;  (115),  2 oct.,  pp.  509- 
513.  [W“.] 

DE  Lanessan,  J.-L. 

1882. — Manuel  d’histoire  naturelle  medicale.  3*“®  partie:  Zoologie.  782  pp.,  523 
figs.  12°.  Paris.  [^V^] 

LeICHT EXSTERN,  OtTO. 

*1892. — Ueber  die  Charcot-Robin’schen  Krystalle  in  den  Faeces,  nebst  einer  Bemer- 
kung  fiber  Txnia  nana  in  Deutschland  <(Deutsche  med.  Wchnschr.,  Leipz. 
& Berk,  V.  18  (25),  23.  Juni,  pp.  582-585. 

Leidy,  Joseph.  [1823-1891.] 

* 1879a. — On  Gordius  and  on  some  parasites  of  the  rat.  [Read  Jan.  28]  «<Proc. 

Acad.  Nat.  Sc.,  Phila.,  v.  31  (1),  Mar.  25,  pp.  10-11.  [W"'.] 

*1879b. — Idem  <Ann.  & Mag.  Nat.  Hist,  Lond.,  5.  s.,  v.  3 (18),  June,  pp.  457-458. 

[Wt] 

*1884a, — Occurrence  of  a rare  human  tapeworm  {Taenia  flavopunctala)  <[Am.  J. 

M.  Sc.,  Phila.,  n.  s.  (175),  v.  88,  July,  pp.  110-114,  1 fig.  [W"\] 

*1884b. — A rare  human  tapeworm.  [Secretary’s  abstract  of  paper  read  May  6] 
<Proc.  Acad.  Nat.  Sc.,  Phila.  (2),  May-Oct.,  p.  137.  [W“.] 

1885. — Intestinal  worms  <Svst.  Pract.  M.  (Pepper),  Phila.,  v.  2,  pp.  930-964. 
[W“] 

Leuckart,  Karl  Georg  Freidrich  Rudolph.  [Dr.,  Prof.,  Univ.  Leipzig.]  [1823- 
1898.] 

*1863. — Die  menschlichen  Parasiten  und  die  von  ihnen  herrfihrenden  Krankheiten. 

Ein  Hand-  und  Lehrbuch  ffir  Naturforscher  und  Aerzte.  v.  1,  viii— 766 
pp.,  268  figs.  8°.  Leipzig  & Heidelberg.  [W%  W“.] 

*1880. — Die  Parasiten  des  Menschen  und  die  von  ihnen  herrfihrenden  Krankheiten. 

Ein  Hand-und  Lehrbuch  ffir  Naturforscher  und  Aerzte.  2.  Aufi.,  v.  1, 
2.  Lief.,  pp.  337-855,  figs.  131-353.  8°.  Leipzig  & Heidelberg.  [Wt] 

*1886a. — Idem.  3.  Lief.,  pp.  855  [sic]-1000,  figs.  353  [sic]-409.  8°.  Leipzig  & 

Heidelberg.  [Wt] 

*1886b. — The  parasites  of  man  and  the  diseases  which  proceed  from  them.  A 
textbook  for  students  and  practitioners.  [Transl.  from  German  by 
William  E.  Ho  vie.]  pp.  v-xxvi,  1 1.,  771  pp.,  404  figs.  8°.  Edinburgh. 
[Wt]  ‘ _ 

*1887. — Die  Uebergangsweise  der  Ascaris  lumbricoides  und  der  Taenia  elliptica 
<Centralbl.  f.  Bakteriol.  u.  Parasitenk.,  Jena,  1.  J.,  v.  2 (24),  pp.  718-722. 
[W%W“.] 

voN^  Lixstow,  Otto  [Friedrich  Bernhard].  [Dr.,  Gottingen.]  [1842-  .] 

1878a. — Compendium  der  Helminthologie.  Ein  Verzeichniss  der  bekannten  Hel- 
minthen,  die  frei  oder  in  thierischen  Korpem  leben,  geordnet  nach  ihren 
Wohnthieren,  unter  Angabe  der  Organe,  in  denen  sie  gefunden  sind,  und 
mit  Beiffigung  dfr  Litteratur-Quellen.  xxii-^382  pp.  8°.  Hannover. 
[W%W“] 
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VON  Linstow,  Otto  [Friedrich  Bernhard] — Continued. 

*1878b. — Neue  Beobachtungen  an  Helminthen  <Arch.  f.  Naturg.,  Berl.,  44.  J., 
V.  1 (2),  pp.  218-245,  pis.  7-9,  figs.  1-35.  [W^] 

*1879. — Helminthologische  Studien<x\rch.  f.  Naturg.,  Berl.,  45.  J.,  v.  1 (1),  pp. 
165-188,  pis.  11-12,  39  figs.  [W*.] 

1889. — Compendium  der  Helminthologie.  Nachtrag.  Die  Litteratur  der  Jahre 
1878-1889.  xvi+151  pp.  8°.  Hannover.  [W^] 

1896a. — Ueber  Tsenia  {HymenoJepis)  nana  v.  Siebold  und  murina  Duj.<Jenaische 
Ztschr.  f.  Naturw.,  Jena,  v.  30,  n.  F.,  v.  23  (4),  25.  Juli,  pp.  571-582,  8 figs. 
[W“] 

1896b. — Ueber  den  Giftgehalt  der  Helminthen  <Internat.  Monatschr.  f.  Anat.  u. 

Physiol.,  Leipz.,  v.  13  (5),  pp.  188-205.  [W“.] 

1901. — Entozoa  des  zoologischen  Museums  der  kaiserlichen  Akademie  der  Wissen- 
chaften  zu  St.  Petersburg.  I.  <Bull.  Acad.  imp.  d.  sc.  de  Petersb.,  5.  s., 
V.  15  (3),  oct.,  pp.  271-292,  pis.  1-2,  figs.  1-42.  [W“.] 

LtiHE,  Max  Friedrich  Ludwig  (Jr.).  [Dr.  phil.,  Privatdocent  Zool.  u.  vergl.  anat., 
Kbnigsberg  i.  Pr.]  [1870-  .] 

1894. — Zur  Morphologic  des  Tasnien-Scolex.  Diss.  133  pp.,  12  figs.  8°.  Konigs- 
berg.  [W“.] 

1896. — Zur  Kenntnis  der  Musculatur  des  Tienien-Korpers  <Zool.  Anz.,  Leipz. 
(505),  V.  19,  15.  Juni,  pp.  260-264,  4 figs.  [W%  AV<=.] 

Lussana,  Felice  [Prof.,  Univ.  Padova];  & Eomaro,  V.  [Dr.,  Univ.  Padova]. 

[?]. — Elminti  intestinali  <Tratt.  ital.  di  pat.  e terap.  med.,  Milano,  v.  5,  pt.  4,  pp. 
291-436,  49  figs.,  4 pis.  [AV“.] 

Lutz,  Adolh. 

*1894. — Beobachtungen  fiber  die  als  Txnia  nana  imd  fJavopunctata  bekannten  Baad- 
wfirmer  des  Menschen  cTCentralbl.  f.  Bakteriol.  u.  Parasitenk.,  Jena, 
v.  16  (2),  9.  Juli,  pp.  61-67.  [W®^,  W“.] 

Lynch,  Ricardo. 

*1904.— Vers  intestinaux  <Traite  d.  mal.  de  Fenf.  (Grancher  <k  Comby),  Par., 
2.  ed.,  V.  2,  pp.  404-453,  figs.  1-11.  [W“.] 

dE  Magalhaes,  P.  S.,  [Prof.,  Rio  Janeiro.] 

*1894. — Notes  d’helminthologie  Bresilienne  <(Bull.  Soc.  zool.  de  France,  Par., 
V.  19  (9),  27  nov.,  pp.  152-155.  [^V^.] 

*1896. — Ein  zweiter  Fall  von  Hymenolepis  diminuta  Rudolph!  {Txnla  flaropunctala. 

Weinland),  als  menschlicher  Parasit  in  Brasilien  beobachtet  <Centralbl. 
f.  Bakteriol.,  Parasitenk.  [etc.],  Jena,  1.  Abt.,v.  30  (18-19),  5.  Nov.,pp. 
673-674.  [MS.  dated  Juli.]  [W'^,  W“.] 

Massari,  G.  [Dr.] 

*1896. — Sopra  un  caso  di  Tenia  nana  osservata  in  Roma.  [Secretary’s  abstract 
of  paper  read  17  feb.]  <<Boll.  Soc.  rom.,  per  gli  stud,  zool.,  Roma, 
V.  5 (1-2),  p.  83.  [W“] 

*1898. — La  Tenia  nana  <Suppl.  al  Policlin.,  Roma,  An.  4 (9),  v.  1,  gennaio,  pp. 
209-213.  [W«'.  ] 

Mayrhofer,  Joseph  Carl. 

1854. — Die  Helminthen  des  Menschen.  Diss.  30  pp.  8°.  Erlangen.  [W“.] 
Meckel  von  Hemsbach. 

1856. — Uber  die  klimatischen  Verhiiltnisse  Aegyptens.  • [Secretary’s  abstract  of 
paper  read  before  Gesellsch.  f.  wissensch.  Med.,  Berlin,  2.  Juli,  1855] 
<( Deutsche  Klinik,  Berl.,  v.  8 (4),  26.  Jan.,  pp.  46-47.  [W“.] 

Megnin,  Pierre. 

1881. — De  la  caducite  des  crochets  et  du  scolex  lui-meme  chez  les  tenias  <J.  de 
I’anat.  et  physiol..  Par.,  v7  17,  pip  28-44,  1 fig.,  pis.  4-5.  [\V“.] 
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Mertexs. 

*1892. — Ueber  Tsenia  nana  <Berl.  klin.  Wchnschr.,  v.  29  (44),  31.  Oct.,  pp. 
1099-1101;  (45),  7.  Nov.,  pp.  1134-1137,  figs.  1-3.  [W™.] 

Mixgazzixi,  Pio. 

1898. — Trattato  di  zoologia  medica.  viii+634  pp.,  201  figs.  8°.  Koma.  [W“\] 
*1899. — Osservazioni  general!  sul  modo  di  adesione  dei  cestodi  alia  parete  intesti- 
nale  <Atti  r.  Accad.  d.  Lincei,  Rendic.  cl.  di  sc.  fis.,  mat.  e nat., 
Roma,  An.  206,  5.  s.,  v.  8,  1.  semestre  (12),  18  giugno,  pp.  597-603,  figs. 
1-6.  [W*.] 

*1900. — Observations  generates  sur  la  mode  d’ adhesion  des  cestoides  a la  paroi 
intestinal.  [Transl.  of  Mingazzini,  1899]  <Arch.  ital.  de  bioL,  Turin 
(1899),  V.  32  (3),  26  fev.,  pp.  341-350,  figs.  1-5.  [W“.] 

Miuea,  K.  ; & Yamazaki,  F. 

*1897. — Ueber  Teenia  <(Mitth.  a.  d.  med.  Fac.  d.  k.-jap.  Univ.,  Tokio,  v.  3 

(3),  pp.  239-258,  pi.  14,  figs.  1-9.  [W“.] 

Molin,  Raffaele. 

1858. — Prosf>ectus  helminthum,  quae  in  prodrome  faunae  helminthologicae  Vene- 
tiae  continentur  <Sitzungsb.  d.  k.  Akad.  d.  Wissensch.,  Wien,  Math.- 
naturw.  CL,  v.  30  (14),  20.  Mai,  pp.  127-158.  [W®]. 

[1859]. — Cephalocotylea  e nematoidea  <Sitzungsb.  d.  k.  Akad.  d.  Wissensch., 
Wien,  Math.-naturvv.  CL,  v.  38  (23), 4.  Nov.,  pp.  7-38, 1 pi. , figs.  1-7.  [W®.] 

1861.  — Prodromus  faunae  helminthologicae  venetiae  adjectis  disquisitionibus  anato- 

micis  et  criticis  <CUenkschr.  d.  k.  Akad.  d.  Wissensch.,  Wien,  Math.- 
naturw.  CL,  v.  19,  2.  Abt.,  pp.  189-338,  pis.  1-15.  [W®.] 

1862.  — Die  in  Menschen  vorkommenden  Helminthen,  nach  dem  jetzigen  Stand- 

puncte  der  Wissenschaft  bearbeitet  <<Oesterr.  Ztschr.  f.  prakt.  Heilk., 
Wien,  V.  8 (1),  3.  Jan.,  pp.  9-14;  (3),  17.  Jan.,  pp.  44-47;  (5),  31.  Jan., 
pp.  93-96;  (6),  7.  Feb.,  pp.  121-123;  (23),  6.  Juni,  pp.  433-437;  (24),  13. 
Juni,  pp.  452-454;  (26),  27.  Juni,  pp.  481-485;  (44),  31.  Oct.,  pp.  833- 
837.  [WP\] 

Moxiez,  Romain. 

*1888. — Sur  le  Tsenia  nana  parasite  de  I’homme  et  sur  son  cysticerque  suppose 
■ {Cijsticerciis  tenebrionis) . [Presented  30  jan.]  <Compt.  rend.  Acad.  d. 
sc..  Par.,  V.  106  (5),  30  jan.,  pp.  368-370.  [W^,  W'“,  W'^.] 

1889. — Les  parasites  de  rhomme  (animaux  et  vegetaux).  viii+307  pp.,  72  figs. 

, 16°.  Paris.  [W™.] 

1896. — Traite  de  parasitologie  animale  et  vegetable  applique  a la  medecine.  viii-j- 
680  pp.,  116  figs.  8°.  Paris.  [W“,  W^] 

Moore,  John  T.  [M.  D.,  Associate  Clin.  Med.  Univ.  Texas,  Galveston.] 

*[1903]. — A preliminary  note  on  the  occurrence  of  Tsenia  nana  in  Texas,  with 
specimens.  [Read  before  the  University  of  Texas  Medical  Club,  April  6.] 
[Reprint  from  Univ.  Texas  Med.]  3 pp.  8°.  [Lib.  Stiles.] 

*1904. — The  occurrence  of  Tsenia  nana  in  Texas  (the  first,  or  at  least  the  second, 
reported  case  in  North  America.)  [Read  before  State  Med.  Ass.,  San 
Antonio,  Tex.,  Apr.,  1903]  <Med.  News,  N.  Y.  (1621),  v.  84  (6),  Feb. 
6,  pp.  251-254,  figs.  1-7.  [W®^  W“.] 

Moquix-Tandon,  a. 

1860.  — Elements  de  zoologie  medicale  contenant  la  description  detaillee  des  ani- 

maux utiles  a la  medecine  et  des  especes  nuisible  a I’homme,  particu- 
lierement  des  venimeuses  et  des  parasites,  precedes  de  considerations 
generates  sur  r organisation  et  sur  la  classification  des  animaux  et  d’un 
resume  sur  I’histoire  naturelle  de  Lhomme.  xvi+428  pp.,  122  figs.  12°. 
Paris.  [W“.] 

1861.  — Elements  of  medical  zoology.  [Transl.  of  Moquin-Tandon,  1860,  by  Robert 

Thomas  Hulme.]  xiv+423  pp.,  124  figs.  8°.  London.  [W“.] 
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M08LER,  F. ; & Peipee,  E. 

1894.  — Tierische  Parasiten.  ( In  Spezielle  Pathologic  und  Therapie  (H.  Nothnagel ) . 

8*^.  Wien.  v.  6,  xii+345  pp.,  124  figs.)  [W%  W“.] 

1904. — Tierische  Parasiten,  bearbeitet  von  Erich  Peiper.  2.  Aufl.,  2 p.  1.,  376  pp., 
162  figs.  8°.  Wien.  [W“.] 

Meazek,  Al. 

*1896. — Zur  Entwicklungsgeschichte  einiger  Taenien<Sitzungsb.  d.  k.-bohm. 

Gesellsch.  ~d.  Wissensch.,  Prag,  Math.-naturw.  Cl.,  pt.  3,  art.  38,  20. 
Nov.,  pp.  1-16,  1 pi.  [W“.] 

Neumann,  Louis  Geoeg. 

1888.  — Traite  des  maladies  parasitaires  non  microbiennes  des  anirnaux  domestiques. 

xvi-ffi75  pp.,  306  figs.  8°.  Paris,  [W“.] 

1892a. — Idem.  2.  ed.,  xvi+767  pp.,  364  figs.  8°.  Paris.  [W^] 

1892b. — A treatise  on  the  parasites  and  parasitic  diseases  of  the  domesticated  ani- 
mals. [Transl.  of  Neumann,  1892a,  by  George  Flemming.]  xxiii-)-800 
pp.,  364  figs.  4°.  London.  [W*^,] 

Neveu-Lemaiee,  Maurice.  [Lr.,  Preparateur,  Lab.  de  parasitol;  Fac.  de  med., 
Paris.  ] 

1902. — Parasitologic  animale.  A 1’ usage  des  candidats  au  3®  examen  de  doctorat 
(2®  partie).  [Preface  by  Paphael  Blanchard.]  iiid-212  pp.,  301  figs. 
* 12°.  Paris.  [W^] 

Nuttall,  George  H.  F.  [M.  D,,  Ph,  D.,  Lecturer ‘Bacteriol.  and  Preventive  Med., 
Univ.  Cambridge;  Editor,  J.  Hygiene.] 

1899a. — The  poisons  given  off  by  parasitic  worms  in  man  and  animals  <Am. 

Naturalist,  Bost.  (387),  v.  33,  Mar.,  pp.  247-249.  [W\] 

1899b. — Die  Rolle  der  Insekten,  Arachniden  (Ixodes)  und  Myriapoden  als  Triiger 
bei  der  Verbreitung  von  durch  Bakterien  und  thierische  Parasiten 
verursachten  Krankheiten  des  Menschen  und  der  Thiere.  Eine  kritisch- 
historische  Studie  C^Hyg.  Rundschau,  Berl.,  v,  9 (5),  1.  Marz,  pp.  209-220; 
(6),  15.  Marz,  pp.  275-289;  (8),  15.  Apr.,  pp.  393-408;  (10),  15.  Mai,  pp. 
503-520;  (12),  15.  Juni,  pp.  606-620.  [W“,  W“.] 

Orsi,  Francesco. 

*1889. — Sei  casi  di  Tenia  nana.  (Curiosita  cliniche.  15)  <Gazz.  med.  lomb., 
Milano,  v.  49,  9.  s.,  v.  2 (24),  15  giugno,  p.  235.  [MS.  dated  maggio.] 
[W“] 

OsLER,  William.  [M.  D.,  LL.  D.,  Prof.  Med.,  Johns  Hopkins  Med.  School,  Balti- 
more, Md.]  [1849-  .] 

1895.  — The  principles  and  practice  of  medicine,  designed  for  the  use  of  practitioners 

and  students  of  medicine.  2,  ed.,  xvi+1143  pp.,  19  charts,  11  figs.  8°. 
New  York.  [W“] 

1896.  — Idem.  2.  ed.,  xviii+1143  pp.,  19  charts,  11  figs.  8°.  New  York.  [W^] 
1898. — Idem.  3.  ed.,  xvi  pp.,  1 1.,  1181  pp.,  8 figs.,  21  charts.  8°.  New  York. 

[W“] 

1902.— ^Idein.  4.  ed.,  xvi  pp.,  1 1.,  1182  pp.,  8 figs.,  21  charts.  8°.  New  York. 
[W“] 

Packard,  Frederick  A.  [Di.]  [ -1902.] 

*1900. — Tenia  ft avopunctata,  wdth  description  of  a new  specimen.  [Presented  before 
section  on  pathology,  51st  Ann.  Meet.  Am.  Med.  Ass.,  Atlantic  City,  N.  J., 
June  5-8]  <J.  Am.  M.  Ass.,  Chicago,  v.  35  (24),  Dec.  15,  pp.  1551-1553. 
[W%  W”.] 

Pallas,  P.  S. 

*(1781). — Bemerkungen  fiber  die  Bandwfirmer  in  Menschen  und  Thieren  <CNeue 
nord.  Beytrage  z.  physik.  nnd  geogr.  Erd-  u.  Ydlkerbeschreibung,  Naturg. 
u.  Oeconomie,  Petersb.  u.  Leipz.,  v.  1,  pp.  39-112,  2 pis. 
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Parona,  Corrado. 

1880.  — Parassiti  del  corpo  umano  i cestodi  <Illustrazione,  Novara,  v.  1 (2),  16 

luglio,  4 ff.,  pis.  1-2;  (5),  1 settembre,  4 ff.,  pis.  3-4.  [W“.] 

1881.  — Idem  [condnued]  <Ibidem  (14-15) , 15  gennaio-1  feb.,  8 ff.,  pis.  5-6;  (20-21), 

15  apr.-l  maggio,  8 ff.,  pis.  7-8;  (22-23),  15  maggio-1  giugno,  8 ff.,  pis. 
9-10;  (24),  15  giugno,  8 ff.,  pis.  11-12.  [W“] 

*1884. — Materiali  per  la  fauna  della  Sardegna  <Boll.  scient.,  Pavia,  v.  2,  An.  6 (1), 
mar.,  pp.  14-20.  [MS.  dated  gennaio.]  [WA] 

1888.  — Appunti  storici  di  elmintologia  italiana  a contributo  della  corologia  elmin- 

tologica  umana  in  Italia  <Gazz.  med.  ital.  lomb.,  Milano,  v.  48  (1),  7 
gennaio,  pp.  5-8;  (2),  14  gennaio,  pp.  14-18.  [W“.] 

1889.  — Elmintologia  italiana.  Bibliografia — sistematica — storia  <Boll.  scient., 

Pavia,  V.  3,  An.  11  (2),  giugno,  pp.  62-64;  (3),  settembre,  pp.  93-96;  (4), 
die.,  pp.  113-119.  [W"\] 

1890.  — Idem  [continued]  <Ibidem,  v.  3,  An.  12  (1),  mar.,  pp.  29-32;  (2),  giugno, 

pp.  63-64;  (3),  settembre,  p.  96;  (4),  die.,  pp.  150-152.  [W“.] 

1891.  — Idem  [continued]  <Ibidem,  v.  4,  An.  13(1),  mar.,  pp.  26-32;  (2),  giugno, 

pp.  58-64;  (3-4),  settembre-dic.,  pp.  124-128.  [W"'.] 

1892.  — Idem  [continued]  < Ibidem,  v.  5,  An.  14  (2-3) , giugno-settembre,  pp.  92-96; 

(4),  die.,  pp.  125-127.  [W™.] 

Parona,  Ernesto.  [ -1903.] 

*1884. — Di  un  caso  di  Toenia  Jfavopunctata  (?)  riscontrata  in  una  bambina  de 
Varese  -<Gior.  r.  Accad.  d.  med.  di  Torino,  An.  47,  v.  32  (2),  feb.,  pp. 
99-112,  1 pL,  figs.  1-8.  [MS.  dated  nov.,  1883.]  [W“.] 

Pavesi,  Pietro. 

1889. — Quadro  sinottico  delle  tenie  umane<^Boll.  scient.,  Pavia,  An.  11,  v.  3 (2), 
giugno,  pp.  57-60,  1 table.  [W“.] 

Peiper. 

1887. — Helminthen  <Real-Encycl.  d.  ges.  Heilk.,  Wien  & Leipz.,  2.  Aufl.,  v.  9,  pp. 
288-304.  [W"\] 

1896.  — Helminthen  <[R.eal-Encycl.  d.  ges.  Heilk.,  Wien  & Leipz.,  3.  Aufl.,  v.  10,  pp. 

255-290.  [W“.] 

1897.  — Tierische  Parasiten  des  Menschen  <Ergebn.  d.  allg.  Path.  u.  path.  Anat. 

[etc.],  Wiesb.  (1896),  v.  3,  pp.  22-72.  [W™  ] 

Perroncito,  Edoardo.  [Dirett.,  R.  Scuola  Sup.  Yet.;  Prof,  parasitol.,  R.  Univ. 
Torino.] 

1882.  — ^.I  parassiti  delP  uomo  e degli  animali  utili;  delle  pin  comuni  malattie  da  essi 

prodotte  profilassi  e cura  relativa.  xii-t-506  pp.,  233  figs.,  14  pis.  8°. 
Milano.  [W'^,  AV"‘.] 

*1887. — Tsenia  nana  osservata  per  la  prima  volta  in  Piemonte.  [Secretary’s  abstract] 
<Gi6r.  r.  Accad.  d.  med.  di  Torino,  An.  50,  3.  s.,  v.  35  (1-2),  gennaio- 
feb.,  p.  7.  [W“] 

Perroncito,  Edoardo;  & Airoldi,  Prospero. 

*1888a. — Caso  di  Tenia  mediocaneUata  e di  molte  tenie  nane  in  un  bambino  di  6 
anni.  [Read  6 luglio]  <Gior.  r.  Accad.  d.  med.  di  Torino,  An.  51,  3.  s., 
V.  36  (7),  luglio,  pp.  312-316.  [WA] 

*1888b. — Idem  <Gazz.  d.  osp.,  Milano,  v.  9 (70),  29  agosto,  pp.  554-555.  [W“.] 

*1888c. — Idem  <Riforma  med.,  Roma,  v.  4 (162),  14  luglio,  pp.  971-972.  [Last 
paragraph  lacking.  ] [W™.]' 

Predtetschensky,  W.  E. 

*1900. — Ein  Fall  europaischer  Chylurie  <Ztschr.  f.  klin.  Med., 'Berk,  v.  40  (1-2), 
pp.  84-97.  [W*”.] 
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Previteea,  S. 

*1900. — Due  casi  probabili  di  Tsenia  leptocephala  nei  minatori  delle  zolfare.  [Kead 
31  mar.]  <Boll.  Accad.  Gioenia  di  sc.  nat.  in  Catania,  n.  s.  ''63), 
mar.,  pp.  9-11. 

Railliet,  a.  [Prof.,  Ecole  vet..  Abort,  France.] 

1886. — Elements  de  zoologie  medicale  et  agricole,  xv-i-1053  pp.,  705  figs.  8°. 
Paris.  [ W®-.  ] 

1892a. — Les  parasites  transmissibles  des  animaux  a I’homme  envisages  specialement 
an  point  de  vue  de  la  prophylaxie.  [Presented  before  Congres  internat. 
d’hyg.  de  Londres,  aout,  1891]  <Rec.  de  med.  vet.,  Par.,  v.  69,  7.  s., 
V.  9 (5),  15  mars,  pp.  142-148;  (7),  15  avril,  pp.  227-235;  (11),  15  juin, 
pp.  355-365;  (13),  15  juillet,  pp.  411-425;  (15),  15  aout,  pp.  507-512. 
[W“.] 

1892b. — Idem  <Tr.  7.  Internat.  Cong.  Hyg.  & Demog.,  Lond.  (Aug.  10-17,  1891), 
V.  3,  Sect.  2,  pp.  57-87.  [W“.] 

*1892c. — Un  cas  tres  ancien  de  Tsenia  {Hi/menolepis  diminuta)  chez  I’homme.  [Pre- 
sented 19  nov.]  <Compt.  rend.  Soc.  de  bioL,  Par.,  9.  s.,  v.  4 (35),  25 
nov.,  pp.  894-896.  [W“.] 

*1892d. — Notices  parasitologiques  <Bull.  Soc.  'zool.  de  France,  Par.,  v.  17,  pp. 
110-117.  [\y\~\ 

1893. — Traite  de  zoologie  medicale  et  agricole.  2.  ed.,  fasc.  1,  736  pp.,  494  figs. 
8°.  Paris.  [W^] 

*1899. — Sur  la  classification  des  teniades  <Centralbl.  f.  Bakteriol.,  Parasitenk.' 

[etc.],  Jena,  1.  Abt.,  v.  26  (1),  8.  Juli,  pp.  32-34.  [MS.  dated  P'’  mai.] 
[W%  AV“.] 

Ransom,  Beayton  Howard.  [B.  Sc.,  M.  A.,  Scient.  Asst,  in  charge  Zool. 

Lab.,  Bureau  Animal  Indust.,  E.  S.  Dept.  Agric.,  Washington,  D.  C.] 
[1879-  .] 

1900. — A new  avian  cestode — Metroliasthes  lucida  <Tr.  Am.  Micr.  Soc.,  Lincoln 
(1899),  V.  21,  May,  pp.  213-226,  pis.  13-14,  figs.  1-10.  [MA] 

1902. — On  Hymenolepis  carioca  (Magalhaes)  and  H.  megalops  (Nitzsch),  with 
remarks  on  the  classification  of  the  group  <Tr.  Am.  Micr.  Soc.,  Lincoln- 
(1901),  V.  23,  May,  pp.  151-172,  pis.  23-25,  figs.  1-20.  [Published 
June  17.]  [W®.] 

*1904. — An  account  of  the  tapeworms  of  the  genus  Hymenolepis  parasitic  in  man, 
including  several  new  cases  of  the  dwarf  tapeworm  {H.  nana)  in  the 
United  States  <[Bull.  No.  18,  Hyg.  Lab.,  U.  S.  Pub.  Health  & Mar.- 

Hosp.  Serv.,  "Wash.,  pp.  1-138,  figs.  1-130.  [W%  W“.] 

Ransom,  W.  H. 

*1856. — On  the  diagnosis  of  and  treatment  for  roundworm,  and  on  the  occurrence 
of  a new  species  of  Tsenia  in  the  human  body  <Med.  Times  & Gaz., 
Lond.  (872),  v.  33,  n.  s.  (311),  v.  12,  June  14,  pp.  598-600,  figs.  1-2. 
[W-.] 

1871. — Intestinal  worms  <Syst.  Med.  (Reynolds),  Lond.,  v.  3,  pp.  178-204,  29, 
figs.  [ W“.  ] 

1879. — Idem.  {In  Diseases  of  the  intestines  and  peritoneum.  8°.  New  York, 
pp.  153-175,  29  figs.)  [Wm.] 

*1888. — On  the  probable  existence  of  Tsenia  nana  as  a human  parasite  in  England. 

[Abstract  of  paper  read  before  Nottingham  Med.-Chir.  Soc.]  <Lancet, 
Lond.  (3386),  a*.  2,  July  21,  pp.  109-110.  [M"“.] 

Rasch,  Che. 

*1894. — L^eber  einen  Fall  von  Tsenia  nana  in  Siam  <Deutsche  Med.-Ztg.,  Berk, 
V.  15  (13),  12.  Feb.,  p.  143:  [W“.] 


127 


Rielaender,  Hermann. 

1868. — Ueber  die  im  Darmkanale  des  menschlichen  Korpers  vorkommenden 
Helminthen.  Diss.  122  pp.  8°.  Greifswald.  [W“.] 

Roder,  Heinrich. 

*1899. — Ueber  einen  v.'eiteren  Fall  van  Tsenia  (Hymenolepis)  nana  (v.  Siebold)  in 
Deutschland  <^Munchen.  med.  Wchnschr.,  v.  46  (11),  14.  Marz,  pp. 
344-346.  [W“.] 

Roesen,  Leonhard. 

*1893. — Ueber  die  Charcot’ schen  Krystalle  und  deren  Beziehung  in  den  Faces  zur 
Helminthiasis.  Diss.  (Bonn).  34  pp.  8°.  Crefeld.  [W"\] 

Rosseter,  T.  B. 

1891. — Snr  un  cysticercoide  des  ostracodes,  capable  de  se  developper  dans  I’intestin 
du  canard  <Bull.  Soc.  zool.  de  France,  Par.,  v.  16  (8),  oct.,  pp.  224-229. 
[Wa.] 

Roux,  Fernand. 

1888. — Traite  pratique  des  maladies  des  pays  chauds;  maladies  des  systemes 
lymphatiques  et  cutan^s;  parasites;  animaux  nuisibles.  v.  3,  595  pp.,  21 
figs.  8°.  Paris.  [^V“.] 

Roux,  Gabriel. 

1887. — Contribution  a I’etude  clinique  et  therapeutique  des  taenias  de  Thomme. 
These.  75  pp.  4°.  Lyon.  [^V“] 

Rudolphi,  Karl  Asmund.  [Prof.  Anat.,  Berlin.]  [1771-1832.] 

1808.  — Entozoorum  sive  vermium  intestinalium  historia  naturalis.  v.  1,  1 1., 

xxvi— 527  pp.,  6 pis.  8°.  Amstelaedami.  [^V^] 

1809.  — Idem.  v.  2,  pars  1,  1 1.,  457  pp.,  6 pis.  8°.  Amstelsedami.  [W®.] 

1810.  — Idem.  v.  2,  pars  2,  xii— 386  pp.  8°.  Amstelaedami.  [^V^] 

*1819. — Entozoorum  synopsis,  cui  accedunt  mantissa  duplex  et  indices  locupletis- 
simi.  X— 811  pp.,  3 pis.  8°.  Berolini.  [W®^.] 

ScHNEiDEMUHL,  Georg.  [Pi’of.,  Dr.,  Pi’ivatdozent  Thiermed.,  Univ.  Kiel.] 

1896. — Lehrbuch  der  vergleichenden  Pathologie  und  Therapie  des  Menschen  und 
der  Hausthiere  fiir  Thieriirzte,  Arzte  und  Studirende.  2.  Lief. : Die 
Vergiftungen.  Die  durch  thierische  Parasiten  hervorgerufenen  Krank- 
heiten  des  Menschen  und  der  Thiere.  Die  Konstitutionskrankheiten. 
Die  Hautkrankheiten.  pp.  209-448.  8°.  Leipzig.  [IV^.] 

Seeger,  G. 

1852. — Die  Bandwiirmer  des  Menschen  in  naturhistorischer,  pathologischer 
und  therapeutischer  Beziehung.  viii— 222  pp.,  2 pis.  8°.  Stuttgart. 
[W%W“.] 

Senna,  Felice. 

*1889. — Storia  clinica  di  sei  casa  di  Tenia  nana  <Gazz.  med.  ital.  lomb.,  Milano,  v. 

49,  9.  s.,  V.  2 (25),  22  giugno,  pp.  245-249;  (26),  29  giugno,  pp.  255-259, 
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132  figs.,  10  pis.  8°.  Philadelphia  & New  A"ork.  [Lib.  Stiles.] 
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y.  3 (8-9),  15  maggio,  pp.  187-192.  [MS.  dated  30  apr.]  [W“.] 

*1895a. — Xuove  osservazioni  di  Tenia  nana.  [Read  7 luglio]  <Boll.  soc.  med. 
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lari  risguardanti  le  tenie  dell’  uomo.  [Read  7 luglio]  <Boll.  Soc.  med. 
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79  figs.,  14  pis.  fol.  Lahr.  [W\]  ^ 
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1892. — Osservazioni  elmintologiche.  Reprint,  pp.  64-73,  pis.  1-2.  8°.  [Lib. 

Stiles.] 
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figs.  1-17.  [W“.] 
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Voi.z,  Walter. 
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AVeinland,  [Christoph.]  David  Friedrich.  [Dr.]  [1829-  .] 
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1859c. — Systematischer  Katalog  aller  Helminthen  die  im  Alenschen  gefunden  wor- 
den  <(Arch.  f.  Xaturg.,  Berk,  25.  J.,  v.  1,  pp.  276-285.  [W®.] 

*1861. — Beschreibung  zweier  neuer  Taenioiden  aus  dem  Alenschen;  Xotiz  liber  die 
Bandwiirmer  der  Indianer  und  Xeger;  Beschreibung  einer  Alonstrositiit 
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*1900b. — Drepanidotsenia  lanceolata  Bloch  <Centralbl.  f.  BakterioL,  Parasitenk. 
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A METHOD  FOR  INOCULATING  ANIMALS  AVITH  PRECISE 

AMOUNTS. 


By  M.  J.  Rosenau,  Director  Hygienic  Laboratory,  U.  S.  Public  Health  ami  IMarine- 

Hospital  Service. 


The  need  has  long  been  felt  in  special  lines  of  research  work  for  a 
good  method  of  inoculating  animals  with  precise  amounts.  In  the 
ordinary  laboratory  work  great  exactness  in  this  regard  is  not  an 
important  matter,  but  in  standardizing  diphtheria  antitoxins,  and  in 
the  physiological  tests  of  some  drugs,  and  in  certain  lines  of  physio- 
logical chemistry,  the  greatest  precision  is  essential. 

With  the  ordinary  methods  in  use  in  most  laboratories,  there  is  an 
unavoidable  loss,  resulting  in  an  error  of  from  1 to  8 per  centum. 
The  usual  method  consists  of  first  measuring  the  dilution,  or  the  sub- 
stance, into  a graduate  or  other  suitable  A^essel,  and  then  drawing  it 
up  into  the  SNU’inge,  from  which  it  is  inoculated  into  the  animal. 

There  are  two  principal  sources  of  error  in  this  practice,  (1)  the  loss 
in  the  glass  and  (2)  the  loss  in  the  syringe. 

The  loss  in  the  glass. — If  the  fluid  is  drawn  up  into  the  s^udnge  from 
a glass  container  a certain  amount  remains  behind.  In  a series  of 
18  careful  weighings  this  loss  was  found  to  average  about  one-half  of 
1 per  cent,  using  -1  c.c.  of  fluid. 

The  loss  from  this  source  was  determined  by  weighing  a chemically 
clean  conical  graduate,  then  adding  d c.c.  of  distilled  water,  taking  care 
not  to  wet  more  suirface  than  necessaiy,  and  again  weighing  to 
determine  the  amount  of  water.  As  much  of  the  water  as  possible  is 
drawn  up  into  the  syringe,  tilting  the  graduate  so  as  to  get  the  last 
drop  that  drains  to  the  bottom.  The  graduate  is  again  quickly 
weighed  before  evaporation  takes  place  to  any  appreciable  extent. 
The  difference  between  the  weight  of  the  wet  glass  and  the  dry  glass 
of  course  gives  the  loss  in  the  glass.  The  average  loss  in  d c.c.  was 
found  to  be  0.0192;  that  is,  nearl}"  two  one-hundredths  of  a cubic  cen- 
timeter, or  about  one-half  of  1 per  cent  (0.d8  per  cent)  of  the  amount 
of  water  used.  Of  course  when  less  than  d c.c.  of  fluid  is  used  the 
percentage  of  loss  increTises  in  proportion. 
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The  variation  in  the  loss  is  shown  in  the  followiiio’  fio'iires: 

Loss  in  graduate,  using  4 c.  c.  of  water. 


( 1) 

0.  0366 

( 2) 

. 0032 

( 3) 

. 0095 

( L 

.0098 

( 5) 

.0175 

( 6) 

.0176 

( T) 

.0112 

( 8) 

.0124 

( 9) 

.0301 

(10) 

. 0077 

(11) 

. 0098 

(12) 

. 0156 

(13) 

. 0220 

(11) 

.0313 

(15) 

.0636 

(16) 

. 0247 

(11) 

.0121 

(18) 

.0107 

18)  .3151: 

.0192  averao’e. 

Notice  that  sometimes  the  loss  amounts  to  six  hundredths  of  a cubic 
centimeter,  that  is  as  much  as  1.5  per  cent. 

The  loss  in  the  syringe. — The  water  that  was  drawn  up  into  the 
syringe  is  now  emptied  into  another  carefully  weighed  graduate  and 
the  added  weight  determined.  The  difference  gives  the  total  loss,  and 
the  difference  between  the  total  loss  and  the  loss  in  the  oTaduate  gives, 
the  loss  in  the  syringe. 

As  much  as  possible  of  the  contents  of  the  syringe  is  pressed  out  by 
means  of  an  air  cushion  behind  the  column  of  water.  However,  as 
will  be  seen  by  the  figures,  an  appreciable  amount  remains  behind; 
especially  if  the  syringe  has  a shoulder  or  a poor  packing  presenting 
a large  wetted  surface. 

The  following  figures  give  the  result  of  eighteen  weighing's  to  de- 
termine the  loss  in  the  S}U’inge: 

Loss  iu  the 
syriuge. 

( 1)  0.  0219  A special  syringe,  ‘‘Sub  Q*’  joint,  no  shoulder. 

( 2)  . 0097  A special  syringe,  “Sub  Q”  joint,  no  shoulder. 

( 3)  . 0295  A special  syringe,  “ Sub  Q”  joint,  no  shoulder. 

( 4)  . 0307  A special  syringe,  “Sub  Q'’  joint,  no  shoulder. 

( 5)  . 0147  A special  syringe, “Sub  Q*’  joint,  no  shoulder. 


5 


Loss  in  the 
syringe. 

( 6) 

0.  0272 

A special  s\ufinge,  ‘‘Sub  Q”  joint. 

no  shoulder. 

( T) 

. 022d 

A special  syringe,  “Sub  Q”  joint. 

no  shoulder. 

( 8) 

.0315 

A special  s}ufinge,  “Sub  Q”  joint. 

no  shoulder. 

( f*) 

.0119 

A special  syringe,  “Sub  Q'’  joint. 

no  shoulder. 

(10) 

. 0232 

A special  SAufinge,  “Sub  Q’’  joint. 

no  shoulder. 

(11) 

. 0101 

A special  syringe,  “Sub  Q'’  joint. 

no  shoulder. 

(12) 

. 3363 

Colin  s^ufinge  with  old  packing. 

(13) 

. 0871 

Colin  syringe  with  old  packing. 

(11) 

.0276 

Xew  Colin  s^ufinge. 

(15) 

. 0855 

Xew  Colin  syringe. 

(16) 

.0717 

Xew  Colin  s}ufinge. 

(17) 

. 1153 

Xew  Colin  syringe. 

(18) 

. 0969 

Xew  Colin  svringe. 

18)  1.0862 

. 0603 

Average  loss  in  the  syringe. 

More  is  lost  in  the  syrino'e  than  in  the  o-radnate,  and  the  two  too-ether 
make  an  appreciable  amount,  in  one  instance  (weighing  Xo.  12)  to 
more  than  8 per  cent  of  the  amount  of  fluid  used. 

The  new  method. — To  avoid  these  errors,  the  amount  of  fluid  which 
the  animal  is  to  receive  is  now  measured  directly  into  the  barrel  of 
the  syringe,  thereby  totally  eliminating  the  loss  in  the  graduate;  and 
the  fluid  remaining  in  the  syringe  after  it  is  emptied,  is  washed  out 
with  sterile  salt  solution  or  other  suitable  fluid  which  is  then  injected 
into  the  animal,  so  that  the  loss,  if  any,  is  not  appreciable. 

The  syringe  used  for  carrying  out  this  technique  is  a modification 
of  the  old  Koch  syringe.  The  glass  barrels  for  the  syringe  were  made 
for  me  by  the  Randall-Faichney  Company,  of  Boston,  who  mold  a 
thread  in  the  glass  on  the  end  of  the  barrel  so  that  the  needle  screws 
directly  upon  the  glass.  This  is  a distinct  advantage  and  has  many 
points  to  recommend  it  over  the  old  slip  joint,  particularly  in  that  the 
joint  is  very  tight,  and  no  amount  of  pressure  can  force  the  needle 
from  its  bearings. 

The  bulb  was  made  for  me  by  Lenz  & Lossau,  of  Washington,  D.  C., 
and  as  will  be  seen  by  reference  to  the  illustration,  differs  from  the 
Koch  pattern  in  that  there  is  no  stopcock.  The  soft  rubber  stopper 
fits  into  the  syringe  like  the  cork  in  a bottle  (see  fig.  2)  and  is 
adjusted  more  readily  than  the  ground  glass  and  metal  cap  of  the 
Koch  S3ufinge. 

Xote  that  the  barrel  tapers  gradually  to  the  needle  so  that  the  last 
drop  Avill  readih’  run  out.  The  top  has  a slight  flange  which  is  handy 
in  holding  the  s^udnge  in  use. 
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These  slig’ht  modifications  in  the  construction  of  the  syringe  are 
intended  to  facilitate  its  use  as  well  as  to  increase  its  accuracy.  The 
wa}"  of  using  these  stufinges  difiers  so  manifestly  from  any  known  to 
me  that  I will  describe  it  in  detail,  for  the  precision  depends  as  much 
upon  the  method  of  using  them  as  upon  their  construction. 

The  glass  barrels  are  cleaned  in  a saturated  solution  of  chromic  acid 
in  sulphuric  acid  which  leayes  them  chemically  clean  and  preyen ts 
water  or  other  fluids  sticking  to  the  glass  in  large  drops.  The  acid  is 
thorough!}^  washed  out  with  tap  water  and  then  flushed  in  distilled 
water,  allowed  to  dry  and  sterilized  by  dry  heat.  Clean  odass  allows 
a free  flow,  diminishing  the  amount  of  water  which  adheres  to  the 
surface,  and  thereby  helps  to  thoroughly  empty  the  contents. 

The  needles  are  sterilized  separately  by  the  usual  method  of  boiling 
in  a 1 per  cent  sodium  carbonate  solution. 

The  needle  is  now  screwed  on  the  barrel  of  the  syringe  and  the 
joint  tested  by  drawing  some  sterile  salt  solution  in  and  out  seyeral 
times.  If  the  joint  is  tight  and  the  needle  peryious,  the  outside  is  dried 
with  a little  piece  of  sterile  gauze,  and  the  needle  is  now  plunged  into 
a jar  of  sterilized  albolene.  The  albolene  acts  as  a temporary  plug, 
preyenting  any  of  the  fluid  which  is  placed  in  the  syringe  from  escap- 
ing until  it  is  injected  into  the  animal. 

The  necessary  number  of  syringes  are  prepared,  one  for  each  ani- 
mal. In  testing  diphtheria  toxin  and  antitoxin  we  sometimes  haye  a 
batteiw  of  ten,  twenty,  or  thirty  s^uflnges  thus  prepared,  arranged  on 
the  rack  as  shown  in  the  accompanying  diagram.  (Fig.  1.) 

The  amount  of  fluid  desired  to  inject  into  the  animal  is  now  carefully 
measured  directly  into  the  barrel  of  the  syringe.  This  is  injected  into' 
the  animal,  and  then  without  withdrawing  the  needle  the  bulb  is 
remoyed;  a few  cubic  centimeters  of  salt  solution  are  cpiickly  blown 
into  the  barrel,  washing  down  the  sides,  and  this  in  turn  is  injected 
into  the  animal. 

The  syringes  can  not  be  turned  oyer,  as  is  the  case  with  a piston 
syringe.  It  is  not  necessary,  ho weyer,  to  hold  them  upright,  as  might 
at  first  be  imagined.  They  ma^^  be  tilted  to  a greater  angle  than  15^ 
without  danger  of  the  fluid  running  out. 

The  rack  in  which  the  syringes  are  shown  (fig.  1)  is  made  of  wood 
and  has  seyeral  conyeniences  worth  noting.  The  bottom  shelf  is  of 
glass.  The  least  drop  through  the  needle  or  from  a leaky  joint  is 
plainly  seen  on  the  glass,  which  acts  as  a telltale  against  this  possible 
error. 

I also  write  upon  the  glass  plate  the  amount  each  sjuinge  is  to 
receiye,  which  helps  to  ayoid  mistakes  and  facilitates  the  work. 

Each  glass  barrel  is  numbered  with  the  number  of  the  experiment 
or  of  the  animal  to  receiye  the  injection.  This  is  yeiy  conyenient  and 
ayoids  confusion. 
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The  syringes  are  prepared  and  filled  in  a special  room  where  the 
exact  measurino'  is  done,  and  the  rack  is  then  found  handy  to  carry  the 

O'*  C/  V 

syringes  to  the  animal  room,  where  the  work  of  injection  is  carried  on. 

In  standardizing  diphtheria  antitoxin  we  always  inject  a total  of  d c.  c. 
of  fluid,  allowing  only  one  washing,  hut  when  the  total  amount  of 
fluid  injected  is  immaterial,  especially  in  larger  animals,  the  syringe 
may  be  washed  out  seyeral  times  with  a neutral  fluid. 

In  using  this  method  in  standardizing  diphtheria  antitoxin  it  is 
important  to  shake  and  roll  the  syringe  so  as  to  obtain  an  intimate 
mixture  of  the  toxin  with  the  serum. 

In  working  with  definite  weights  of  solids  the  solution  may  be  made 
in  the  barrel  of  the  syringe,  so  that  the  method  is  applicable  in  any 
sort  of  work  where  it  is  important  to  inoculate  animals  with  precise 
amounts. 
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Bui.  19,  Hygienic  Luborulory. 


-• 


P&- 


FIG.  1.— A BATTERY  OF  12  SYRINGE  BARRELS  READY  FOR  USE. 


Bill.  19,  Hygienic  Laboratory. 


FIG.  2.— SHOWING  THE  THREE  PARTS  OF  THE  SYRINGE,  VIZ,  THE  RUBBER  BULB 
THE  GLASS  BARREL,  AND  THE  NEEDLE. 
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A ZOOLOGICAL  INVESTIGATION  INTO  THE  CAUSE,  TRANS- 
MISSION, AND  SOURCE  OF  ROCKY  MOUNTAIN  “SPOTTED 
FEVER.” 


By  Ch.  Wardell  Stiles,  Ph.  D. 

Chief  of  Division  of  Zoology,  Hygienic  Laboratory,  United  States  Public  Health  and 

Marine-Hospital  Service. 


Summary. 

This  paper  contains  the  results  of  a zoological  investigation  into  the  cause,  trans- 
mission, and  origin  of  the  so-called  “spotted  fever”  of  the  Rocky  Mountains  and 
consists  chiefly  of  negative  flndings. 

The  disease  was  flrst  described  b}'^  ^Yood  (1896),  then  by  Maxey  (1899)  for  Idaho, 
and  by  McCullough  (1902),  Gwinn  (1902),  AVilson  and  Chowning  (1902,  1903,  1904), 
Cobb  (1902),  Anderson  (1903),  and  Gates  (1903)  for  Montana. 

It  has  been  known  since  1872  in  the  Bitter  Root  Valley,  but  its  early  history 
elsewhere  seems  not  to  be  established.  It  is  known  under  the  various  names  of 
“spotted  fever,”  “tick  fever,”  “black  fever,”  “blue  disease,”  “black  measles.” 
and  “ piroplasmosis  hominis.” 

Several  suggestions  have  been  made  as  to  the  cause  of  this  disease,  but  the  only 
deflnite  proposition  is  that  advanced  byAVilson  and  Chowning  (1902, 1903, 1904),  and 
supported  in  part,  at  least,  by  AA^'esbrook  (a) , Cobb  (a),  and  Anderson  (a,  b).  Accord- 
ing to  this  theory;  («)  “Spotted  fever”  is  caused  (p.  17)  by  a protozoon  to  which 
the  name  Piroplasma  hominis  has  been  given  and  which  infects  the  red  blood  cor- 
puscles; (6)  this  parasite  is  transmitted  (p.  20)  by  ticks  {Dermacentor  andersoni); 
(c)  the  burrowing  squirrel  {Citelliis  columbianus)  harbors  a which  can  not 

be  distinguished  from  P.  hominis,  and  this  rodent  (p.  24)  may  perhaps  be  the 
original  host  for  the  disease. 

(a)  My  efforts  to  find  a Piroplasma  in  the  fresh  blood  of  9 cases  of  the  disease  in 
man,  and  in  the  stained  blood  of  these  and  several  additional  cases,  have  been 
negative  (p.  19),  despite  an  actual  microscopic  study  of  more  than  200  hours; 
Ashburn  has  had  similar  negative  results;  Chowning  was  unable  to  demonstrate  the 
parasite  to  us  in  the  fresh  and  the  stained  blood  of  a typical  case;  and  several  inves- 
tigators who  have  since  examined  slides,  both  from  Idaho  and  Montana  cases,  have 
not  been  able  to  find  the  Piroplasma.  Accordingly,  the  work  of  1904  has  failed  to  con- 
firm the  conclusions  of  1902  and  1903,  and  indications  are  not  lacking  that  at  least 
some  of  the  stages  of  the  supposed  Piroplasma  hominis  consist  in  reality  of  vacuoles, 
blood  platelets,  blood  dust,  artifacts,  and  tertian  malaria  parasites.  AA^ilson  and 
Chowning  report  that  they  were  able  to  transmit  the  disease  to  rabbits,  but  I was 
unable  to  do  this  (p.  19). 
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(6)  I have  likewise  been  unable  (p.  20)  to  confirm  the  hypothesis  that  this  disease 
is  transmitted  by  ticks,  for  while  there  is  a certain  amount  of  circumstantial  evidence 
against  this  arachnoid,  one  of  the  fundamental  premises  of  the  tick  theory  (namely, 
the  piroplasmatic  nature  of  the  disease)  is  called  into  question;  and,  further,  cases 
are  known  in  which  a history  of  tick  bite  has  not  been  established  (p.  22). 

(c)  I am  unable  to  see  any  valid  arguments  (p.  25)  in  support  of  the  view  that  the 
burrowing  squirrel  {CiteUus  columhianus)  forms  the  original  host  for  the  disease, 
while  I find  several  arguments  against  this  hypothesis. 

Having  failed  to  confirm  the  piroplasmatic  nature  of  Eocky  Mountain  “spotted 
fever”  by  direct  evidence,  I attempt  to  do  so  by  indirect  evidence,  namely,  by  compar- 
ing the  symptoms  reported  for  this  disease  with  those  reported  for  known  j^iroplas- 
matic  maladies;  but  in  this  also  my  work  is  negative,  for  while  a thin,  watery,  anemic 
condition  of  the  blood,  a thick  condition  of  the  bile,  marked  emaciation,  prominence 
of  hemoglobinuria,  practical  absence  of  skin  lesions,  and  the  occurrence  of  the  cases 
in  groups  (corresponding  to  the  extreme  fertility  of  ticks)  are  the  striking  features 
described  for  piroplasmosis  in  animals,  “spotted  fever”  patients  present  a thickened 
blood,  fluid  bile,  no  marked  emaciation  (at  least  so  far  as  reported),  little  or  no 
hemoglobinuria  (Wilson  and  Chowning),  prominent  skin  lesions,  and  the  occurrence 
of  isolated  cases,  widely  separated.  Accordingly,  if  this  disease  is  a piroplasmosis, 
Piroplasma  has  an  effect  in  man  markedly  different  from  the  effect  it  has  in  cattle, 
sheep,  dogs,  and  horses. 

Rocky  Mountain  “ spotted  fever  ” is  reported  for  Idaho,  Montana,  Nevada,  Oregon, 
Wyoming,  ?Washington  State,  and  possibly  Utah  and  Alaska  (p.  25).  About  200 
cases  are  said  to  have  occurred  in  the  Bitter  Root  Valley  since  1872  (p.  29) ; of  these, 
139  have  been  collated,  showing  a lethality  of  70.5  per  cent.  It  is  rather  striking 
that  the  cases  seem  to  be  more  or  less  confined  to  valleys  (p.  30) , and  infection  seems 
to  take  place  chiefly  in  the  foothills.  In  the  Bitter  Root  Valley  the  cases  occur 
chiefly  on  the  west  side  of  the  river,  and  are  confined  to  the  months  of  (January) 
March  to  September,  inclusive;  April,  May,  and  June  are  the  worst  months.  It  is 
rather  striking  that  more  cases  seem  to  develop  under  moist  conditions  (p.  33),  as 
on  the  west  side  of  the  river,  and  during  or  following  a rise  in  the  streams  caused 
by  rain  or  melting  snow,  than  under  dry  conditions;  but  the  significance  of  this 
popular  view  is  not  altogether  clear.  Both  sexes  and  all  ages  (p.  37)  are  subject  to' 
the  disease,  but  it  is  more  common  in  males  from  21  to  40,  and  in  females  from  11  to 
40  years  of  age,  than  at  other  times  of  life;  the  lethality  varies,  being  in  the  Bitter 
Root  Valley  45.4  per  cent  for  females  from  11  to  20  years  of  age  up  to  100  per  cent  for 
all  patients  over  60  years  old.  So  far  as  one  can  judge,  occupation  (p.  38)  seems  to 
play  a role,  for  a very  large  percentage  of  the  patients  are  on  farms  or  are  connected 
with  the  lumbering  industry. 

In  Idaho,  a mild  type  (p.  39)  of  the  disease  exists,  with  a lethality  of  about  1 to  3 
percent.  In  Montana,  physicians  speak  of  a mild  type  (without  spots),  medium 
cases,  and  severe,  very  fatal  cases;  some  men  also  speak  of  cases  of  “localised” 
spotted  fever  (p.  39). 

About  90  per  cent  of  the  cases  give  a history  of  exposure  to  wet  or  cold  (p.  39). 
The  period  of  incubation  (p.  40)  is  variously  given  as  2 to  21  days.  The  attack  may 
be  preceded  by  a few  days  of  malaise,  or  the  onset  (p.  41)  may  be  marked  by  sudden 
chill,  followed  by  fever,  with  or  without  nausea;  the  disease  usually  lasts  about  10  to 
21  days  (p.  42);  usually  only  one  case  occurs  in  a family  (p.  43),  but  instances  are 
known  in  which  two  members  of  a family  are  attacked  the  same  day,  or  within  a few 
days  of  each  other;  it  is  almost  universally  admitted  (p.  44)  that  the  disease  is  not 
contagious,  but  cases  are  known  where  contagion  does  not  seem  to  be  entirely 
excluded. 

The  patients  may  assume  a position  of  general  flexion  in  bed  (p.  45),  and  may  have 
a peculiar  urinous  odor  (p.  45)  about  them. 
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The  most  characteristic  and  constant  symptom  is  the  eruption  (p.  45),  which 
usually  appears  first  on  the  wrists,  ankles,  and  back,  about  second  to  fifth,  chiefly 
third  day,  and  spreads  rapidly  over  the  rest  of  the  body,  lasting  about  8 to  21  days, 
or  even  several  months,  and  after  the  fever  subsides,  becoming  visible  upon  exposure 
to  cold  or  after  a warm  bath  or  active  exercise;  these  spots  are  petechial  and  not 
raised;  at  first  they  are  rose  colored,  and  disappear  momentarily  upon  pressure,  but 
later  they  become  permanent  and  assume  a dark  blue  or  purplish  color;  they  may 
coalesce  and  give  a mottled  or  marbled  appearance  to  the  skin;  they  may  or  may  not 
he  tender  to  the  touch.  Desquamation  (p.  49)  begins  about  the  third  week.  Jaun- 
dice (p.  50)  is  more  or  less  marked,  first  noticed  in  the  conjunctiv?e.  There  may  be 
cyanosis  (p.  50),  or — especially  on  the  scrotum,  fingers,  or  toes — gangrene  (p.  50). 
Hyperesthesia  (p.  51)  is  common,  and  may  be  intense.  The  subcutaneous  fat  (p.  51) 
remains. 

The  face  (p.  51)  frequently  shows  a congested,  bloated,  stupid  expression.  There 
maybe  ringing  in  the  ears  (p.  51).  The  eyes  (p.  52)  are  more  or  less  injected. 
Photophobia  (p.  52)  is  common,  and  may  be  very  marked.  Nosebleed  (p.  52)ismore 
or  less  frequent.  Sore  throat  (p.  53)  is  more  or  less  common;  breath  may  be  offen- 
sive. The  tongue  at  first  shows  a heav}'  white  or  3’ellowish  coat,  with  red  tip  and 
edge,  and  becomes  brownish,  dry,  and  cracked  as  the  fever  progresses;  the  teeth 
may  be  covered  with  sordes. 

There  may  be  gurgling  and  tenderness  (p.  55)  in  the  right  iliac  fossa;  tympanites 
may  develop.  The  joints  inaj^  become  swollen. 

Loss  of  appetite  (p.  55)  is  an  early  symptom,  or  in  some  cases  the  appetite  remains 
good. 

Irritability  of  and  pains  in  the  stomach  (p.  56)  are  reported.  Nausea  (p.  56)  is  more 
or  less  common,  and  vomiting  may  be  present.  Constipation  (p.  58)  is  very  com- 
mon. The  liver  (p.  58)  may  be  enlarged  to  some  extent.  The  gall  (p.  60)  is  fluid. 
Pancreas  may  be  normal  in  size  or  enlarged. 

Heart  sounds  (p.  62)  are  reported  as  normal.  Pulse  (p.  63)  is  usually  full  and 
strong  at  the  onset,  but  gradually  becoming  more  and  more  rapid,  losing  in  strength 
and  volume;  in  ordinary  cases  it  may  be  80  to  130,  and  has  been  reported  as  high 
as  150,  or  even  186.  The  blood  (p.  63)  becomes  dark  and  thick;  it  shows  some 
decrease  in  the  red  cells  (to  4,100,000  or  to  3,558,000)  and  may  show  some  increase 
(12,000  to  15,600)  in  the  white  cells,  the  most  interesting  feature,  according  to 
Anderson,  being  an  increase  in  the  large  mononuclears;  hemoglobin  may  fall  as 
low  as  50  per  cent. 

The  spleen  (p.  67)  is  uniformly  enlarged  and  tender. 

The  initial  chill  (p.  68)  may  be  absent,  slight,  or  severe;  and  chills  or  chilly  sen- 
sations may  continue  more  or  less  throughout  the  attack. 

The  fever  develops  rapidly,  and  may  register  102°  to  104°  or  105°  F.  when  the 
patient  takes  to  bed.  It  gradually  reaches  its  maximum  in  2 to  7 days,  when  it  ordi- 
narily registers  103°  to  106°.  For  temperature  charts,  see  Wilson  and  Chowning,  or 
Anderson,  or  page  111. 

An  irritative  cough  (p.  71 ) may  exist  from  the  first.  Kespiration  (p.  72)  is  increased, 
usually  to  26  to  40 — in  some  cases  50  to  60.  Edema  of  lungs  develops  in  a number 
of  cases. 

There  may  be  great  tenderness  or  soreness  of  the  muscles. 

Some  cases  are  exceedingly  nervous,  symptoms  (p.  74)  being  so  prominent  as  to 
remind  one  of  cerebrospinal  meningitis.  Malaise,  restlessness,  insomnia,  hyperes- 
thesia, jactitation,  dizziness,  headache,  pains,  “bone  ache,”  tenderness  of  neck  and 
lumbar  region,  photophobia,  divergent  and  convergent  squint,  delirium,  coma,  con- 
vulsions, and  in  a few  cases  opisthotonos  have  been  reported.  Autopsy  fails  to  roAxal 
any  lesions  which  would  justify  the  diagnosis  of  cerebrospinal  meningitis.  Kernig’s 
sign  is  absent. 
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The  kidneys  are  often  disturbed;  they  may  be  enlarged.  Bladder  (p.  83)  normal 
or  nearly  so.  The  urine  is  reported  as  reduced  in  amount,  slightly  above  normal  in 
color  to  highly  colored;  specific  gravity  1,018  to  1,030;  reaction  acid,  so  far  as  reported; 
albumen  present  or  absent;  sugar  and  bile  not  reported;  granular,  blood,  hyaline, 
and  epithelial  casts  are  reported;  hematuria  and  hemoglobinuria  absent  or  slight. 

Menstruation  is  delayed  by  attack,  and  abortion  is  reported  for  pregnant  women. 

Several  authors  refer  to  relapses,  following  muscular  exertion  or  exposure  to  cold. 

Hypostatic  pneumonia,  rheumatism,  and  gangrene  are  among  the  most  frequent 
complications  (p.  87)  mentioned;  pneumonia  predominates  in  frequency. 

Convalescence  (p.  87)  may  be  rapid  or  very  slow,  lasting  ten  to  twelve  weeks  or 
even  longer. 

Prognosis  (p.  88)  seems  to  be  favorable  (lethality  about  1 to  3 per  cent)  in  some 
places  (as  in  Idaho);  but  it  is  very  unfavorable  m others  (as  in  Bitter  Boot  Valley), 
where  cases  in  which  the  eruption  is  marked  show  a lethality  of  about  70  per 
cent.  See  also  under  ‘‘sex  and  age,”  page  37,  and  “number  of  cases,”  page  29. 

Death  (p.  89)  occurs  from  third  to  twenty-ninth  day,  usually  from  sixth  to  twelfth 
day. 

Local  physicians  agree  that  diagnosis  (p.  89)  is  not  difficult,  and  even  the  laity 
recognize  the  disease  on  sight;  its  peculiar  geographic  and  seasonal  distribution, 
endemic  character,  severe  aching  pains  in  the  muscles,  joints,  bones,  neck,  and 
head,  appearance  of  nonelevated  spots  on  the  second  to  seventh  day,  at  first  rose- 
colored  and  on  wrists,  ankles,  and  back,  disappearing  momentarily  on  pressure, 
rapidly  spreading  to  entire  body,  and  becoming  darker,  and  then  not  disappearing 
on  pressure,  the  frequency  of  constipation,  the  coated  tongue,  accelerated  pulse, 
temperature,  icterus,  and  expression  denoting  profound  intoxication  of  entire  system, 
lead  the  local  physicians  to  the  diagnosis  of  “spotted  fever.” 

It  is  generally  admitted  that  the  disease  resembles  typhus  (p.  90)  more  than  it 
does  any  other  malady;  some  cases  resemble  cerebrospinal  meningitis  (p.  91) ; com- 
pare also  typhoid,  dengue,  peliosis  rheumatica,  etc.,  (p.  92). 

Satisfactory  specific  treatment  (p.  92)  is  unknown. 

Clinical  histories  (p.  100)  of  cases,  and  a bibliography  (p.  116)  of  the  subject  are 
added. 

I have  no  new  theories  to  present  regarding  the  cause,  transmission,  and  origin  of 
this  disease. 

During  the  investigations  I incidentally  found  several  new  species  of  pkrasites 
which  I hope  to  describe  soon,  and  three  of  which  I propose  to  dedicate  to  Doctors 
Anderson,  Ashburn,  and  Buckley. 

Date  of  manuscript,  January  14,  1905. 

IXTEODUCTIOX. 

Pursuant  to  orders  from  the  Suro'eou-General.  dated  Mav  2,  190L, 
1 visited  the  Bitter  Root  Valiev  to  study  the  so-called  ‘‘spotted  fever*' 
("tick  fever,*'  piroplasmosis  hominis")  from  a zoological  point  of 
view,  and  remained  there  from  May  7 to  July  6,  190L. 

The  special  object  of  my  detail  was  to  trace  the  life  cycle  of  the 
parasite  (Piroplasma  harninis)  which  had  been  described  as  the  cause  of 
the  disease,  to  study  the  tick  which  was  supposed  to  transmit  it,  and  to 
trace  the  disease  in  the  burrowing  squirrels,  in  which  it  was  thought 
to  originate.  The  points  at  issue,  it  will  be  seen,  bore  more  directly 
upon  discovering  some  method  of  prevention  than  upon  a study  of  the 
symptomatology. 

As  the  seasonal  duration  of  the  outbreak  is  short,  and  as  the  parasite 
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was  classified  in  one  of  the  most  diflicult  groups,  from  a standpoint  of 
interpretation,  I had  upon  starting  little  hope  that  much  could  be 
accomplished  in  one  season;  in  fact,  I viewed  the  trip  as  the  beginning 
of  an  investigation  which  would  probably  occupy  the  spring  months 
for  a number  of  }^ears  to  come. 

From  the  literature  which  had  appeared  upon  this  malady,  especially 
from  the  last  article  by  Wilson  and  Chowning  (1901a),  I had  become 
somewhat  prejudiced  in  faA^or  of  the  protozoan  theory  relative  to  the 
origin  of  this  disease,  and  also  in  favor  of  the  theory  that  it  was  trans- 
mitted to  man  by  ticks  belonging  to  the  genus  Dermacentor ; regarding 
the  h}^pothesis  of  its  origin  in  the  burrowing  squirrel,  however,  I 
must  confess  that  a priori  reasons  made  me  veiy  skeptical. 

During  my  sta}^  in  the  Bitter  Root  Valle}"  I was  able  to  see  10 
patients  who  1 was  assured  by  local  physicians  presented  typical  cases 
of  the  disease.  In  9 of  these  cases  I was  able  to  search  in  the  fresh 
blood  for  the  parasite.  Part  of  my  time  was  occupied  in  studying  the 
ticks,  the  burrowing  squirrels,  the  topography  of  the  region,  and  other 
points  to  be  considered  in  connection  with  the  malady. 
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To  Dr.  Edward  W.  Spottswood,  chief  surgeon  of  the  Northern  Pacific  Eailroad 
Hospital  at  Missoula,  I am  indebted  for  the  use  of  his  laboratory  and  laboratory  sup- 
plies, as  well  as  for  valuable  advice. 
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Brown,  Dr.  Thomas  A.  Fitzgerald,  Dr.  George  T.  McCullough,  Dr.  Watkins,  Dr. 


12 


William  A.  Glasgow,  and  Dr.  Joseph  A.  Tremblay  (all  of  Missoula),  to  Dr.  Brice 
and  Dr.  E.  A.  Brooke  (of  Stevensville),  to  Dr.  Thomas  H.  Hanbidge  (of  Victor), and 
to  Dr.  J.  W.  Howard  and  Dr.  George  McGrath  (of  Hamilton)  I am  indebted  for  the 
prhdlege  of  seeing  actual  and  suspected  cases  of  “spotted  fever,”  for  information, 
advice,  and  various  other  courtesies. 

To  Sister  Superior  Gasper,  Sister  Gabriel,  Sister  Ignatius,  Sister  Wilfred,  and  the 
other  sisters  of  St.  Patrick’s  Hospital  I am  indebted  for  the  many  courtesies  they 
extended  to  me  at  the  hospital. 

To  Doctors  Louis  B.  Wilson  and  William  B.  Chowning,  of  Minneapolis,  I am 
indebted  for  one  of  their  original  slides  and  for  various  points  of  information.  I 
also  had  the  pleasure  of  personal  association  with  Doctor  Chowning  for  two  weeks 
in  Missoula,  where  we  examined  a case  together. 

To  Dr.  L.  A.  Gates,  of  Bridger,  Mont.,  I am  indebted  for  an  interesting  account  of 
4 cases  of  “spotted  fever”  which  he  treated,  and  a table  of  all  17  cases  which 
have  come  to  his  notice. 

Last,  but  not  least,  I am  indebted  to  Dr.  Thomas  D.  Tuttle,  secretary  Montana 
State  board  of  health,  for  his  cordial  cooperation  and  advice. 

The  fact  that  I did  not  accomplish  more  than  I have  to  report  lies 
in  the  difficulties  of  the  subject  and  the  shortness  of  the  season,  and 
not  in  any  lack  of  facilities  which  it  was  in  the  power  of  the  local 
authorities  and  profession  to  offer  me. 

Histoeical  Review  of  Literature. 

For  a proper  understanding  of  the  subject  of  this  report  it  will  be 
well  to  give  extensive  historical  reviews  of  various  phases  of  the 
matter  at  hand,  more  especially  as  no  one  has  as  yet  collected  all  of 
the  observations  reported. 

The  first  printed  account  of  this  “spotted  fever”  which  I have  been  able  to  trace 
is  a summary  given  by  Lieut.  Col.  W.  M.  Wood  (1896,  pp.  60-65),  Deputy  Surgeon- 
General  (retired),  L".  S.  Army,  at  Boise  Barracks,  Idaho.  He  himself  had  seen  no 
cases,  but  he  collected  statements  regarding  the  disease  in  Idaho  from  Drs.  L.  C. 
Bowers,  George  Collister,  J.  K.  Dubois,  E.  M.  Fairchild,  D.  W.  Figgins,  W.  D. 
Springer,  C.  L.  Sweet,  and  H.  Zipf.  The  discussions  are  mainly  of  symptomatology 
and  will  be  considered  in  detail  in  that  part  of  the  present  report. 

Maxey  (1899,  pp.  433-438)  presented  before  the  Oregon  State  Medical  Society  an 
excellent  paper  on  the  disease  as  found  in  Idaho.  He  discussed  its  seasonal  and  topo- 
graphic distribution,  symptoms,  specific  and  differential  diagnosis,  prognosis,  and  treat- 
ment. He  is  of  the  opinion  that  ‘ ‘ spotted  fever  ’ ’ of  Idaho  is  ‘ ‘ an  independent,  specific 
disease,  and  related  in  no  way  to  any  disease  described  in  our  text-books  on  practice.” 

Commenting  editorially  upon  Maxey’s  paper,  the  Medical  Sentinel  (1899,  pp.  456- 
458),  of  Portland,  Oreg.,  expressed  the  view,  based  solely  upon  the  symptom- 
atology, that  “this  spotted  fever  bears  a closer  resemblance  to  the  papular  form  of 
erythema  exudativum  multiforme  than  to  any  other  known  morbid  entity.” 

McCullough  (1902,  July,  pp.  225-228)  presented  a paper  on  “spotted  fever” 
before  the  Montana  State  Medical  Society  at  Anaconda,  Mont.,  May  21,  1902.  He  dis- 
cussed the  distribution  of  the  malady,  seasonal  occurrence,  symptoms,  complications, 
prognosis,  treatment,  and  its  name. 

In  the  same  number  of  the  same  medical  journal  in  which  McCullough’s  paper 
was  printed,  there  appears  a summary  of  results  obtained  by  Wilson  and  Chown- 
ing (1902c,  pp.  238-239),  who  claim  to  have  found  a parasite  in  the  red-blood  cor- 
puscles which  resembles  the  parasite  of 'malaria.  They  think  that  evidence  points  to 
some  kind  of  a tick  as  its  transmitter. 
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Gwinn  (1902)  presented  a paper  on  “spotted  fever”  before  the  Montana  State 
Medical  Society,  at  Anaconda,  May,  1902.  He  discussed  the  various  possible  modes 
of  infection,  gave  very  brief  observations  on  two  autopsies,  an  excellent  account  of 
symptoms,  diagnosis,  prognosis,  and  treatment.  This  paper  was  published  in  the 
Missoulian,  a daily  paper  issued  in  Missoula,  but  I have  been  unable  to  find  it  in  any 
medical  journal. 

Wilson  and  Chowning  (1902a,  1902b)  investigated  this  disease  for  the  Montana  State 
board  of  health.  Doctor  Wilson  reached  Missoula  on  May  16  and  Doctor  Chowning 
on  May  26.  On  July  1 they  dated  a preliminary  report  which  was  printed  on  July 
19.  Wilson  and  Chowning  reached  conclusions  which,  if  correct,  are  of  far-reaching 
importance.  They  give  a summary  of  the  results  obtained  upon  6 autopsies.  The 
most  important  points  in  the  paper  are  those  dealing  with  the  etiology,  transmission, 
and  origin  of  the  disease.  Briefly  stated,  these  points  are  as  follows:  No  bacteria 
of  etiologic  significance  were  obtained  in  any  case,  but  in  stained  coverslip  prepara- 
tions of  (1902)  cases  2 to  6 they  found  certain  ovoidal  bodies  within  the  red-blood 
cells;  the  nature  of  these  bodies  was  not  clear  until  they  examined  the  fresh  blood 
of  case  7:  “Intracellular  parasites,  showing  ameboid  movements  were  found.  In 
several  of  these  observations  extracellular  forms  were  also  found.  * * * Proba- 
bly not  more  than  1 red  cell  in  500  in  the  circulating  blood  is  ordinarily  infected.” 
They  describe  3 phases  of  the  parasite,  which  they  claim  to  have  transmitted  experi- 
mentally to  rabbits. 

The  final  point  they  make  is  that  the  common  gray  spermophile  ( Citellns  colum- 
bianus)  possibly  forms  the  regular  host  for  the  parasite  they  found  in  man. 

The  views  regarding  the  tick  transmission  and  the  origin  of  the  disease  in  the 
spermophile  are  ad^  anced  as  “ hypotheses.” 

Cobb  (1902,  pp.  1868-1870)  visited  the  Bitter  Root  Valley  in  June,  1902,  where 
he  found  Wilson  and  Chowning  already  at  work.  His  report  contains  a brief  account 
of  the  Wilson  and  Chowning  observations.  Cobb  was  in  the  valley  too  short  a time 
to  thoroughly  confirm  or  refute  the  Wilson  and  Chowning  hypotheses,  but  from 
what  he  saw  it  is  clear  that  he  was  favorably  impressed  by  their  views. 

On  December  31,  1902,  Wilson  and  Chowning  (1903a)  finished  their  more  com- 
plete report  to  the  Montana  State  board  of  health. 

The  paper  contains  a discussion  of  the  history  of  the  disease,  a list  of  114  cases  they 
compiled  (chiefly  from  correspondence  with  local  physicians),  location,  season,  table 
of  distribution  of  cases  by  months,  previous  condition  of  patient,  sex  and  age  of 
patient,  types  of  the  disease,  clinical  histories  and  autopsy  notes  of  the  cases  they 
observed  in  1902,  a case  of  “local  infection,”  an  excellent  general  summary  of  symp- 
toms, morbid  anatomy  and  histology,  etiology,  “hsematozoa  of  spotted  fever,”  inoc- 
ulation experiments,  mode  of  infection,  the  gopher  as  possibly  the  normal  host  of 
the  hematozoon,  and  suggestions  relative  to  future  investigations.  It  is  important 
to  note  here  that  at  the  conclusion  of  their  article  they  say: 

“While  the  tick-gopher  hypothesis  is  a very  alluring  one,  it  must  not  be  forgotten 
that  as  yet  but  few  positive  facts  have  been  obtained  for  its  establishment.  Aside 
from  the  collection  of  clinical  evidence  attempts  must  be  made  to  transfer  haematozoa 
from  infected  gophers  by  direct  blood  inoculations  and  through  tick  bites  to  various 
uninfected  animals,  as  the  rabbit.  A comparison  of  the  results  of  such  inoculations, 
if  successful,  with  similar  inoculations  from  human  cases  (see  No.  3)  should  give 
valuable  data  as  to  the  identity  or  dissimilarity  of  the  protozoa  from  gophers  and 
those  from  man.  In  view  of  the  high  mortality  of  ‘spotted  fever,’  it  will  probably 
be  impossible  to  get  any  man  to  submit  to  a direct  blood  inoculation,  or  tick  bite, 
■Trom  patients  as  has  been  done  recently  with  yellow  fever.  But  it  seems  probable 
that  all  that  is  necessary  may  be  done  b}^  careful  inoculation  along  the  lines  here 
indicated.” 

During  the  season  of  1903,  at  the  request  of  the  Montana  State  board  of  health. 
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Doctor  Anderson  investigated  the  disease  on  behalf  of  the  Public  Health  and  Marine- 
Hospital  Service,  and  Doctors  Wilson  and  Chowning  continued  their  studies  on 
behalf  of  the  Montana  State  board  of  health. 

Anderson  (1903c)  introduced  into  medical  literature  the  name  ‘‘tick  fever”  for 
this  disease,  accepting  the  tick  as  the  “very  probable  and  almost  proved”  method 
of  transmission.  He  reprinted  the  Wilson  and  Chowning  map  of  distribution  in 
Montana  and  added  a general  map  of  the  States  in  which  the  disease  is  reported. 
He  discussed  the  geographic  distribution,  climate,  season,  occupation  of  patients, 
their  age  and  sex,  the  parasite,  and  reprinted  the  list  of  cases  published  by  Wilson 
and  Chowning,  bringing  it  down  to  1903;  he  discussed  method  of  infection  and  the 
symptomatology,  gave  clinical  histories  of  some  of  the  1903  cases,  with  clinical  charts 
and  blood  counts,  autopsy  notes,  morbid  anatomy,  prognosis,  diagnosis,  and  treat- 
ment. He  did  not  mention  the  spermophile  theory  advanced  by  Wilson  and  Chown- 
ing (1902,  1903),  but  accepted  certain  phases  of  the  parasite  of  man  described  by 
Wilson  and  Chowning  as  “very  probably  the  cause  of  spotted  (tick)  fever.” 

Gates  (1903)  gave  clinical  reports  of  two  cases. 

In  their  third  paper,  Wilson  and  Chowning  (1904a)  cover  much  the  same  ground 
discussed  in  their  second  publication  (1903a),  adding  some  new  observations  and 
omitting  the  detailed  clinical  rej^orts.  They  apparently  definitely  accept  the  para- 
site, which  they  now  name  Pyroplasma  hominis,  as  the  cause  of  the  disease,  but  they 
still  speak  of  the  idea  of  tick  transmission  as  an  “ hypothesis.” 

Since  the  appearance  of  this  paper,  a number  of  text-books  and  medical  journals 
have  referred  to  their  work  and  have  accepted  it,  at  least  to  some  extent.  Manson 
(1903,  pp.  174-176),  however,  points  out  that  the  experimental  proof  of  the  Wilson 
and  Chowning  hypotheses  is  lacking,  and  Nuttall  (1904,  j:).  221)  remarks  that  in 
“spotted  fever”  the  symptoms  differ  markedly  from  those  observed  in  the  bovine, 
ovine,  equine,  and  canine  [piroplasmatic]  maladies,  but  he  admits  (p.  252)  that  the 
1904  paper  by  Wilson  and  Chowning  is  much  more  convincing  than  their  former 
articles,  so  far  as  the  parasite  is  concerned.  Manson  (1903)  and  Auttall  (1904)  cor- 
rect the  name  of  the  parasite  to  Piroplasma  hominis. 

In  August,  Stiles  (1904,  pp.  1649-1650;  1904,  pp.  362-363)  published  a preliminary 
report  upon  investigations  conducted  during  the  spring  of  1904. 

October  31,  1904,  Ashburn  delivered  an  address  upon  “ sj^otted  fever ” before  the 
Cincinnati  Academy  of  Medicine.  This  has  not  yet  been  published,  but  it  gave  rise 
to  a rather  vigorous  editorial  by  Heidingsfeld  (1904,  pp.  492-493)  who  attacked  the 
Wilson  and  Chowning  hypotheses. 

Craig  (1904,  pp.  1016-1017)  had  no  02q3ortunity  to  examine  slides  of  “spotted 
fever”  blood,  but  he  came  to  the  conclusion  that  the  objects  described  as  Piroplasma 
hominis  “ were  not  due  to  the  presence  of  a parasite,  but  to  certain  changes,  especially 
in  the  hemoglobin  of  the  red  cells,  produced  by  the  disease.”  He  claims  to  have 
observed  appearances,  coinciding  in  every  particular  with  the  description  given  by 
M’ilson  and  Chowning,  and  Anderson  of  P.  hominis,  in  a large  number  of  diseases, 
especially  in  fevers,  such  as  typhoid,  malaria,  smallpox,  measles,  grippe,  and  fre- 
quently in  pneumonia'and  tuberculosis. 

In  the  Middleton-Goldsmith  lecture  (Nov.  30,  1904),  before  the  New  York  Patho- 
logical Society,  Stiles  (1905,  pp.  9-21)  discussed  his  results  more  in  detail  than  given 
in  his  preliminary  report. 

Definition. 

Idaho. — Dubois  (1896,  p.  64)  characterizes  “spotted  fever”  as  an  “acute,  febrile, 
eruptive  disease,  noncontagious  but  epidemic,  found  chiefly  in  March  and  April.” 

Fairchild  (1896)  speaks  of  it  as  a “ fever  of  typhoid  type,  self-limited,  and  charac- 
terized by  a red  eruption  over  whole  body.” 
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Springer  (1896,  p,  61)  refers  to  it  as  a “continued  fever,  with  typhoid  condition 
and  a red  eruption  general  over  entire  body.” 

Sweet  (1896,  p.  61)  defines  it  as  a “continued  fever,  with  mild  exacerbations; 
temperature  usually  not  excessive.  Cases  sometimes  pass  into  an  adynamic  or 
typhoid  condition.” 

Maxey  (1899,  pp.  432-433)  defines  spotted  fever  as  “an  acute,  endemic,  noncon- 
tagious,  but  probably  infectious,  febrile  disease,  characterized  clinically  by  a con- 
tinuous moderately  high  fever,  severe  arthritic  and  muscular  pains,  and  a profuse 
petechial  or  purpural  eruption  in  the  skin,  appearing  first  on  the  ankles,  wrists,  and 
forehead,  but  rapidly  spreading  to  all  parts  of  the  body.” 

Montana. — Gwinn  (1902)  defines  this  disease  as  “an  acute,  febrile,  noncontagious 
affection,  characterized  by  an  eruption  of  macules  which  are  at  first  pink,  afterwards 
gradually  assuming  a purplish  or  dark  blue  color.” 

Historical  Review  of  the  Disease. 

Idaho. — “Spotted  fever”  has  been  known  in  Idaho  for  about  thirty  years  (Wilson 
and  Chowning,  1902a,  p.  132;  Anderson,  1903c,  p.  8). 

Montana. — According  to  McCullough  (1902,  p.  225),  “spotted  fever”  has  prevailed 
in  various  degrees  of  intensity  in  Bitter  Root  Valley  from  the  earliest  history  of  its 
settlement  by  white  inhabitants;  he  states  that  prior  to  that  time  there  is  convincing 
evidence  that  the  Indians  were  also  subject  to  this  ailment.  Gwinn  (1902)  states 
that  according  to  his  personal  knowledge  it  has  been  prevalent  in  the  Bitter  Root 
Valley  since  1886,  and  he  is  credibly  informed  that  it  has  existed  there  since  the 
region  was  first  settled  by  white  men;  he  adds  that  the  number  of  cases  has  of 
course  increased  with  the  number  of  inhabitants. 

Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  28;  1904a,  p.  33)  report  that  so  far 
as  can  be  determined  the  first  case  of  “spotted  fever,”  “black  fever,”  or  “blue 
disease”  in  the  Bitter  Root  Valley  occurred  in  1873  (this  case — J.  W. — occurred  in 
May,  near  Woodside).  At  this  time  there  were  but  few  white  men  in  the  valley. 
No  authentic  information  of  its  occurrence  among  the  Indians,  who  until  1890 
inhabited  the  valley,  has  been  obtained,  though  many  old  residents,  including 
Indians,  white  trappers,  traders,  and  Catholic  priests,  were  consulted  (1903a,  p.  28; 
1904a,  p.  33).  It  has  been  recognized  as  a clinical  entity  by  the  local  physicians  for 
fifteen  or  twenty  years  (1902a,  p.  131 ; 1903a,  p.  28;  1904a,  p.  31).  Anderson  (1903a, 
p.  506;  1903c,  p.  8)  states  that  it  has  been  known  in  the  Bitter  Root  Valley  for  about 
twenty  years. 

In  addition  to  the  case  in  1873  reported  from  Woodside  b}"  Wilson 
and  Chowning  (1903a,  p.  28),  I might  add  that  Doctor  Parsons  has 
kindly  called  my  attention  to  a second  case  which  occurred  at  another 
place  in  the  valley  in  the  same  year. 

Doctor  Buckley,  who  has  spent  considerable  time  and  money  in 
tracing  back  the  history  of  the  disease,  assured  me  that  he  had  been 
unable  to  obtain  any  convincing  evidence  that  the  Indians  had  suffered 
frorh  “ spotted  fever.” 

That  this  disease  has  existed  for  some  }"ears  in  other  localities  than 
Idaho  and  the  Bitter  Root  Vallej"  does  not  seem  to  be  entirely 
excluded,  for  the  medical  histor}"  of  man}^  parts  of  the  Northwest  is  as 
yet  unwritten,  and  there  will  naturally  alwa^^s  remain  some  cases  of 
disease  among  the  early  settlers  which  will  probably  be  unrecorded 
and  unexplained.  To  assume  that  “spotted  fever”  has  made  a sudden 
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spring  within  the  last  few  years  from  the  Bitter  Root  Valley  to  other 
parts  of  Montana  (as  Bridger  and  Livingston)  and  to  W^mming  is 
probably  not  fully  warranted  in  our  present  knowledge  of  this  malady, 
for  whether  these  localities  actually  represent  newly  infected  foci  or 
only  newly  recognized  foci  can  be  definitely  determined  only  by  a more 
complete  medical  history  of  these  places  than  is  published  at  present. 

Names  of  the  Disease. 

Idaho. — In  Idaho  the  dfeease  under  discussion  is  generally  spoken  of  as  “spotted 
fever,”  because  of  its  eruption,  and  Maxey  (1899,  p.  434)  states  that  he  knows  of  no 
other  or  better  name  for  it;  he  adds  that,  although  confusing  to  physicians  unac- 
quainted with  the  affection,  this  name  admirably  describes  the  disease  from  a lay 
standpoint,  and  very  probably  will  be  retained  in  use  by  the  local  profession  until 
future  research  enables  us  to  classify  it  where  it  belongs.  Dubois  (1896,  p.  64)  says 
that  Exanihesis  rosalia  anthrodynia  more  nearly  expresses  the  disease  than  does 
“spotted  fever.”  The  Medical  Sentinel  (1899,  p.  458)  remarks  editorially  that  “the 
opinion  of  the  writer,  based  solely  upon  the  symptomatology,  is  that  this  spotted 
fever  bears  a closer  resemblance  to  the  papular  form  of  erythema  exudativum  multi- 
forme than  to  any  other  known  morbid  entity.” 

Nevada. — In  Nevada  this  disease  is  known  as  “spotted  fever.” 

Montana. — According  to  McCullough  (1902,  p.  225)  it  has  been  called  “black 
fever”  and  “blue  disease,”  probably  on  account  of  the  dusky  or  bluish  appearance  a 
short  time  before  death  of  those  afflicted.  He  considers  the  name  “spotted  fever”  a 
good  one,  because  to  the  laity  it  abodes  grave  responsibility ; * * * “many  of  the 
cases  terminating  fatally  with  the  best  skill  and  untiring  energy  an  intelligent  physi- 
cian can  give  them,  we  feel  the  burden  is  somewhat  lightened,  and  the  responsibility 
is  shared  by  the  family  and  friends  if  they  are  preparedfor  the  inevitable.”  * * * 
Crain  (see  Wilson  and  Chowning,  1902a,  p.  33)  states  that  in  1891  the  disease  was 
called  “black  measles”  by  the  valley  physicians.  Wilson  and  Chowning  (1902a) 
refer  to  the  malady  as  the  “so-called  ‘spotted  fever’  of  the  Kocky  Mountains,”  but 
remark  (1903a,  p.  27)  that  the  name  “spotted  fever”  as  applied  to  it  is  an  unfor- 
tunate one,  since  it  has  been  ap]died  to  several  other  diseases. 

Anderson  (1903a)  proposes  the  name  “tick  fever,”  on  account  of  the  relation  of 
the  tick  to  the  spread  of  the  disease,  and  because  of  the  fact  that  there  are  already 
two  diseases  of  man  sometimes  called  “spotted  fever.”  Wilson  and  Chowning 
(1904a,  p.  31)  state  that  the  name  “tick  fever”  [also frequently  “wood-tick  fever”] 
was  proposed  by  the  local  newspapers  when  the  hypothesis  of  transmission  by  ticks 
was  advanced  by  them  in  1902;  that  it  seems  fairly  distinctive,  but  is  open  to  the 
objection  that  it  has  been  previously  used  as  a synonym  of  “Texas  fever”  in  cattle, « 
and  that  it  does  not  accurately  indicate  either  symptoms  or  etiology;  since  “spotted 
fever”  appears  to  be  the  first  described  infection  of  man  attributed  to  a “ Pyroplasma” 
[namely  Piroplasma],  they  classify  the  malady  as  Pyroplasmosis  hominis^’  [namely 
Piroplasmosis  hominis'].  Nuttall  (1904,  p.  221),  in  referring  to  the  investigations  by 
Wilson  and  Chowning,  uses  the  term  “human  piroplasmosis.”^ 

Histokical  Review  of  Investigations. 

For  a number  of  years  this  disease  has  been  subjected  to  study  by 
the  local  physicians  in  the  regions  in  which  it  occurs.  Maxey,  Gwinn, 
McCullough,  and  Gates  have  published  their  ideas  and  it  is  to  be 

«Not  to  be  confused  with  the  African  so-called  “tick  fever”  of  man,  supposed  to  be  transmitted  by 
Ornithodoros  savignyi. 

bNot  to  be  confused  with  “ Dum  Dum  fever.’' 
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greatly  regretted  that  other  local  observers^  as  Buckley,  Mills,  Spotts- 
wood,  Brice,  Howard,  etc.,  have  not  published  their  many  valuable 
observations. 

Dr.  Emil  Starz,  of  Helena,  State  bacteriologist  and  chemist,  Doctor  Traphagen,  of 
Bozeman,  Doctor  Strain,  of  Great  Falls,  and  Doctor  Longeway,  then  secretary  of  the 
Montana  State  board  of  health,  visited  the  Bitter  Boot  Valley  in  the  spring  of  1902, 
‘‘After  going  over  tlie  ground,  examining  the  character  of  the  soil,  water  supply,  etc., 
it  was  determined  that  none  of  these  conditions  was  probably  responsible  for  the 
disease,  and  that  the  investigations  should  be  carried  on  by  pathological  and  bac- 
teriological examinations  of  existing  cases.”  In  accordance  with  this  conclusion, 
the  State  board  of  health  invited  Drs.  Louis  B.  Wilson  and  Wm.  M.  Chowning,  of 
the  Minnesota  State  University,  to  study  the  malady. 

Wilson  was  in  the  Bitter  Root  Valley  from  May  16  to  July  14,  1902,  and  April  22 
to  May  20,  1903,  Chowning  was  in  the  same  district  from  May  26  to  July  14,  1902, 
and  from  May  19  to  June  19,  1903.  He  also  visited  the  valley  again,  on  an  unofficial 
trip  in  June,  1904,  spending  about  two  weeks  in  Missoula. 

Dr.  J.  0.  Cobb,  of  the  U.  S.  Public  Health  and  Marine-Hospital  Service,  and  Prof. 
F.  F.  Wesbrook,  of  the  Minnesota  State  University,  spent  the  last  w'eek  of  June,  1902, 
in  the  Bitter  Root  Valley,  studying  the  disease. 

Dr.  J.  F.  Anderson,  of  the  United  States  Pul)lic  Health  and  Marine-Hospital 
Service,  was  in  the  same  locality  from  May  1 to  30,  1903,  when  he  studied  the  same 
cases  observed  during  the  same  time  by  Wilson  & Chowning. 

Dr.  Percy  M.  Ashburn,  captain  and  assistant  surgeon,  U.  S.  Army, 
stationed  at  Fort  Missoula,  had  an  opportunit}"  to  observe  some  fea- 
tures of  the  disease  in  1903,  but  it  was  not  until  the  season  of  1904 
that  he  undertook  a more  thorough  investigation  of  the  malady. 

I arrived  at  Missoula  Ma}^  7,  1904,  and  remained  in  the  Bitter  Root 
Valley  until  July  6,  1904,  stud3dng  the  cases  which  occurred  during 
that  time. 

Specific  Cause  of  Spotted  Fever. 

Various  different  theories  have  been  advanced  regarding  the  cause 
of  ‘‘  spotted  fever.”  Among  these  the  following  may  be  mentioned: 

Idaho. — The  vera  causa  is  probably  of  a teluric  character  (Bowers,  1896,  p.  63). 
Dubois  (1896,  p.  64)  frankly  admitted  that  as  yet  no  cause  can  be  assigned.  Figgins 
(1896,  p.  64)  states  that  he  never  saw  any  cases  except  among  people  who  had  used 
water  from  creeks  and  surface  wells.  He  has  seen  it  in  families  who  used  water  from 
springs  and  where  the  entire  family  had  the  disease.  Springer  (1896,  p.  62)  gives 
the  cause  as  probably  “ water;  sepsis.”  Sweet  (1896)  says  that  while  there  are  indi- 
cations which  seem  to  point  out  this  particular  affection  as  a water-borne  disease, 
there  are  other  circumstances  which  militate  against  this  theory  and  are  in  favor  of 
its  being  akin  to  malaria,  in  that  it  is  frequently  seen  in  persons  who  have  been  liv- 
ing in  the  vicinity  of  newly  broken  ground,  post  holes,  plowed  ground,  and  in  those 
who  have  drunk  from  seepage  water  from  worked  soil,  etc.  Zipf  (1896,  p.  65) 
attributes  it  to  malaria.  Maxey  (1899,  p.  434)  concludes  that  the  disease  “is,  in  all 
probability,  caused  by  some  peculiar  organism,  possibly  a miasm,  though  no  specific 
cause  has  yet  been  discovered.” 

Montana. — Gwinn  (1902)  says  that  all  kinds  of  theoides  have  been  advanced,  none 
of  which  have  been  based  upon  pathological  investigations;  and  none  of  the  theories 
23339— No.  20—05 2 
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are  to  his  mind  comdncing.  McCullough  (1902,  p.  225)  refers  to  the  locality  as  hav- 
ing a “bearing  upon  this  deplorable  affliction  with  suitable  environments,  most  cases 
giving  a history  of  exposure  to  wet  and  cold,  or  violent  physical  exercise  and  over- 
exertion.” 

Wilson  and  Chowning  (1902a,  1903a,  1904a)  were  the  first  authors  to  describe  a 
specific  organism  as  cause  of  the  disease.  They  cull  special  attention  to  the  fact  that 
their  bacteriologic  cultures  failed  to  show  any  bacteria  of  etiologic  significance,  and 
they  describe  bodies  which  they  interx3ret  as  protozoa  and  which  they  later  name 

Pyroplasma  hominis^’  [namely  Piroplasma  hominis'\.  The  secretary  of  the  Montana 
State  board  of  health  (see  report,  issued  1903,  p.  25)  says  that  the  cause  has  been 
“attributed  to  various  sources,  particularly  the  water,  mineral,  and  general  condi- 
tions of  the  soil,  and  by  some  thought  to  be  contained  in  the  snow  of  the  Bitter 
Root  Mountains,  as  well  as  various  and  varied  local  conditions.” 

The  only  definite  proposition  as  to  a specific  cause  is  that  advanced 
by  Wilson  and  Chowning  (1902a,  c,  1903a,  1901a),  namely,  that 
“ spotted  fever”  is  due  to  a protozoon  parasite  which  lives  in  the  red 
blood  corpuscles;  this  protozoon  they  classify  (1901a)  as  a member  of 
the  genus  Piroplasma, 

The  genus  Piroplasma^  which  is  very  possibl}^  identical  with  Bahesia,^ 
seems  very  clearly  to  be  a protozoon,  but  its  more  exact  systematic 
position  is  at  present  somewhat  uncertain.  It  is  one  of  the  most 
difficult  of  all  the  protozoa  to  interpret,  and  little  is  known  of  its  life 
cycle.  Its  synonymy  is  as  follows: 

Genus  PIROPLASMA  Patton,  1896. 

1888.  ? Hsematococcus  Babes  [not  Agardh,  1828] . 

1893.  Pyrosoma  Smith  and  Kilborxe  [not  Pyrosoma  Peron,  1804],  type  species,  P. 
higeminum  of  Texas  fever. 

1893.  ? Babesia  Starcovici,  1893,  July  1,  type  Babesia  bovis  (of  bovine  hemoglobi- 
nuria), whose  identity  with  P.  oigerninum  is  not  fully  established. 

1895.  Apiosoma  Waxdolleck  [not  Apiosoma  Blanchard,  1885],  equals  Pyrosoma 
Smith  and  Kilborne,  1893,  renamed,  hence  type  species  P.  bigeminum. 

1895.  Piroplasma  Patton,  equals  Pyrosoma  Smith  and  Kilborne,  1893,  renamed,  hence 
type  species  P.  bigeminum. 

1904.  Pyroplasma  Wilson  and  Chowning,  for  Piroplasma. 

In  view  of  the  comparatively  slight  knowledge  of  the  present  day 
relative  to  the  structure  and  life  cycle  of  the  members  of  this  genus, 
hence  the  uncertainty  as  to  whether  Babesia  bovis  is  really  congeneric 
with  Piroplasma  bigeminum,,  I retain  the  name  Piro])lasnuc  in  this 
discussion.  Should  it  be  demonstrated  that  P.  bigerninum  and  B.  bovis 
are  congeneric  it  will  of  course  be  necessary  to  reject  the  name  Piro- 
plasma in  favor  of  Bahesia. 

In  the  genus  Piroplasma.  several  species  are  at  present  known  as 
cause  of  serious  diseases.  Thus: 

Piroplasma  bigeminum  (Smith  and  Kilborne,  1893)  is  the  cause  of  Texas  fever  of 
cattle. 

Babesia  bovis,  which  maybe  generically  identical  with,  but  sjiecifically  distinct  from, 
P.  bigeminum,  is  accepted  as  the  cause  of  hemoglobinuria  in  cattle. 
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Babesia  otis  or  Piroplasma  avis  is  viewed  as  the  cause  of  carceag,  also  known  as  ovine 
piroplasmosis. 

Piroplasma  eqid  is  vie\yed  as  the  cause  of  equine  piroplasmosis;  and 

Piroplasma  canis  is  accepted  as  the  cause  of  canine  piroplasmosis. 

All  of  these  parasites  are  supposed  (see  p.  20)  to  be  transmitted  by 
ticks  {Ixodoidea)  and  the  symptomatology  of  the  diseases  is  more  or 
less  uniform  (see  p.  39). 

Piroplasma  donorani  Laveran  has  been  described  as  a parasite  of  man,  causing  non- 
malarial  splenomegaly  (Dum  Dum  fever;  Kala-azar)  in  warm  climates;  but  very 
serious  doubts  arise  as  to  whether  this  organism  is  a Piroplasma,  and  a new  genus 
{Leishmania)  has  been  proposed  for  it  by  Eoss. 

The  structures  which  Wilson  and  Chowning  have  found  in  ‘‘spotted 
fever”  have  been  named — 

PIROPLASMA  HOMINIS  (Wilson  and  Chowning,  1903)  Manson,  1903. 

1903.  Pyroplasma  hominis  Wilson  and  Chowning  in  Anderson,  1903a,  p.  506. — 
Wilson  and  Chowning,  1904a,  p.  48. 

1903.  Piroplasma  hominis  (Wilson  and  Chowning,  1903)  Manson,  1903,  p.  33. — 

Nuttall,  1904,  p.  252. 

1904.  Babesia  hominis  (Wilson  and  Chowning,  1903)  Chauvelot,  1904,  p.  93,  in  part. 

Wilson  and  Chowning  (1902a,  pp.  131-135)  found  structures  in  the 
blood  of  spotted-fever  patients  which  they  interpreted  as  protozoa,  but 
the}"  preferred  “to  make  a fuller  study  of  the  life  histoiy  of  the 
organism  before  attempting  to  classify  it  more  delinitel}"  than  as  a 
hematozoon;”  they  call  attention  to  its  similarity  to  Piroplasma 
higemimim  and  also  to  the  parasite  of  malaria.  For  a complete 
description  of  this  parasite  the  reader  is  referred  to  the  articles  b}- 
Wilson  and  Chowning'  (1902a,  1903a,  1901a),  Cobb  (1902),  and  Ander- 
son (1903a,  1903c). 

Neither  Ashburn  nor  I,  in  a total  of  100  hours  of  microscopic  study 
of  the  fresh  and  the  stained  blood  of  typical  cases,  and  in  an  exami- 
nation of  a typical  slide  kindly  sent  to  me  by  Wilson  and  Chowning, 
was  able  to  find  any  Piroplasma;  and  Chowning  was  unable  to  demon- 
strate the  organism  to  us  in  the  fresh  and  the  stained  blood  of  a typical 
case. 

Inoculations. — Wilson  and  Chowning  inoculated  rabbits  with  blood 
of  spotted  fever  patients,  both  in  1902  and  1903,  and  they  found  the 
parasites  in  the  blood  of  the  experiment  animals.  In  1901 1 inoculated 
rabbits  with  the  blood  of  3 fatal  cases,  as  follows: 

Two  rabbits  inoculated  with  blood  within  thirty  minutes  after  death  of  patient. 

One  rabbit  inoculated  with  blood  taken  from  arm  during  life. 

Two  rabbits  inoculated  with  blood  within  two  hours  after  death. 

The  blood  of  these  rabbits  was  repeatedly  examined,  but  with  nega- 
tive results. 

Since  the  observations  of  Wilson  (in  1902,  1903),  Chowning  (in  1902 
and  1903,  but  not  in  1901),  Cobb  (in  1902),  Wesbrook  (in  1902),  and 
Anderson  (1903)  all  gave  positive  results,  while  observations  (in  1901) 
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by  Ashburn  and  myself  gave  negative  results  relative  to  the  presence 
of  a Piroplasma  in  the  blood  of  spotted  fever  patients,  I do  not  feel 
justified  in  going  to  the  extreme  of  stating  that  no  Piroplasma  is  present; 
all  that  I can  assert  is  that  I Tvas  unable  to  confirm  the  earlier  results. 

METHOD  OF  INFECTION. 

Idaho. — Fairchild  (1896)  states  that  families  using  water  from  the  same  well  are 
not  liable  to  be  affected  similarly.  Maxey  (1899,  p.  434)  refers  to  the  fact,  in  connec- 
tion with  cases,  that  the  sole  water  supply  came  from  melting  snow;  in  other  words, 
the  patients  drank  snow  water  and  became  sick,  ‘ ‘ therefore  there  must  be,  in  my 
opinion,  some  specific  cause  for  this  disease,  either  in  the  soil  over  which  the  water 
runs  or  in  the  snow  itself.” 

Montana. — Wilson  and  Chowning  (1902a,  p.  134;  1903a,  p.  68;  1904a,  p.  44)  state  that 
there  are  no  symptoms  or  lesions  which  point  to  the  digestive,  respiratory,  or  genito- 
urinary tracts  as  the  avenue  of  infection. 

Gwinn  (1902),  in  discussing  the  method  of  infection,  mentions  the  possibility  of  its 
entrance  into  the  body  by  means  of  the  respiratory  tract,  the  stomach,  and  the  skin, 
but  he  reaches  no  definite  conclusions. 

AVilson  and  Chowning  (1902a,  p.  37)  report  Hanbidge’s  interesting  note  that  case 
81  (of  1901)  drank  no  water  during  the  season. 

The  most  important  theory  which  comes  up  for  our  present  consid- 
eration is  the 

TICK  THEORY. 

AVilson  and  Chowning  (1902a,  p.  136)  say: 

Since  there  is  no  suspicion  of  “spotted  fever”  ever  hawng  been  transferred  directly 
from  man  to  man,  and  since  there  is  no  symptomatic  or  post-mortem  evidence  of 
entrance  of  the  disease,  either  by  way  of  the  digestive  tract,  respiratory,  or  genito- 
urinary system,  the  writers  were  led  to  examine  the  skin  for  evidence  of  direct  inoc- 
ulation by  the  bite  of  some  temporarily  parasitic  animal.  As  has  been  noted  above, 
in  each  case  under  observation  during  the  investigation  evidence  of  tick  bites  was 
present.  But  it  is  true  that  in  the  locality  in  which  the  cases  occur  many  persons  in 
the  spring  of  the  year  are  bitten  by  ticks  and  yet  show  no  symptoms  of  “spotted 
fever.”  However,  the  following  facts  would  seem  to  suggest  the  hypothesis  that 
the  disease  is  conveyed  to  man  by  means  of  this  arachnid. 

An  important  point  upon  which  1 desire  to  place  considerable  stress 
is  that  the  tick  theory  is  a secondary  hypothesis  based  upon  the  idea 
that  ''spotted  fever ‘As  caused  by  a protozoon.  If  the  Piroplasma 
theory  is  correct,  the  tick  theory  immediately  receives  a very  strong 
argument  in  its  favor,  for  other  species  of  Piroj>lasma  are  known  to 
have  ticks  as  their  intermediate  host. 

Accordingly,  when  IVilson  and  Chowning,  in  1902,  found  what  they 
believed  to  be  a parasite  similar  to  the  parasite  of  malaria  and  also 
similar  to  Pirojolasrna  Ijigeinirium.  the  most  natural  conclusion  for 
them  to  draw  (reasoning  on  analogy)  was  that  this  organism  was  trans- 
mitted either  by  a mosquito  or  by  a tick.  They  found  arguments 
against  the  view  that  a mosquito  formed  the  intermediate  host  and 
arguments  in  favor  of  the  tick,  hence  they  adopted  the  tick  theory  as 
a "working  hypothesis." 

From  their  point  of  view,  especially  on  account  of  their  microscopic 
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interpretations,  this  '■‘working’  hypothesis”  was  most  natural,  and 
thorough!}^  justified,  and  they  show  (see  aboye,  p.  13)  that  they  thor- 
oughly understood  that  certain  experimental  studies  were  called  for 
in  connection  with  this  theory. 

Arriying  in  Missoula  this  season  (1901),  it  required  but  a few  daj^s 
to  see  the  zoological  points  inyolyed  and  to  understand  that  an  experi- 
ment with  ticks  and  rabbits  was  the  most  important  work  to  be  con- 
sidered, especially  as  the  strictl}"  medical  side  of  the  disease  was  less 
important  to  me  than  the  zoological  features,  leading  to  its  preyention. 
As  stated  aboye  (p.  19),  1 injected  blood  from  three  patients  into  rab- 
bits, but  failed  to  conyince  myself  of  the  presence  of  any  Piroplasma 
in  the  inoculated  rabbits.  Not  being  able,  so  far  as  1 could  see,  to 
transmit  the  disease  to  rabbits,  lu}-  tick  experiment  on  these  rodents 
had  no  further  purpose. 

Quite  a number  of  points  haye  been  adyanced  in  support  of  the  tick 
theoiy.  I haye  considered  these  arguments  in  detail,  from  the  zoo- 
logical point  of  yiew,  and  haye  prepared  a lengthy  discussion  coyering 
them.  There  are,  howeyer,  so  many  points  of  difl'erence  of  findings 
and  opinion  between  the  supporters  of  the  tick  theor}"  and  ny^self  that 
three  of  my  friends,  to  whom  1 submitted  this  manuscript  for  criticism, 
haye  felt  that  the  discussion  might  be  open  to  a possible  interpretation 
which  was  most  foreign  to  m}^  mind.  On  this  account  I haye  omitted 
from  the  manuscript  all  points  except  the  following: 

8.  All  of  the  patients,  23,  coming  under  observation  during  this  investigation  had 
been  bitten  by  ticks.  In  14  cases  a history  was  given  of  severe  tick  bites  two  to 
eight  days  before  the  onset  of  the  disease.  In  a number  of  other  cases  an  apparently 
clear  history  of  severe  tick  bites  immediately  preceding  the  onset  of  “spotted  fever” 
was  vouched  for  by  the  recovered  patients  or  their  friends. — Ayilson  and  Chowning, 
1904a,  page  52. 

In  connection  with  this  point  it  will  be  necessary  to  refer  to  some  of 
the  cases. 

It  must  be  admitted  as  yery  striking  that  so  many  cases  of  “spotted 
feyer”  haye  been  preceded  by  a tick  bite,  still  in  a region  where  it  is 
almost  exceptional  to  go  into  the  woods  or  fields  without  being  bitten 
b}^  ticks,  it  is  not  excluded  that  this  is  a mere  coincidence.  On 
account  of  this  latter  possibilit}",  the  greatest  reserye  should  be  exer- 
cised in  order  not  to  draw  a “post  hoc,  propter  hoc”  conclusion. 

As  the  valley  was  thoroughl}^  worked  up  this  year  (1901)  upon  the 
subject  of  ticks  and  as  people  kept  a close  lookout  for  an}Thing 
resembling  a tick  or  a tick  bite,  negative  evidence  obtained  from  the 
cases  of  1901  is  of  more  value  than  that  obtained  prior  to  1903.  Let 
us  therefore  turn  to  a consideration  of  the  cases  which  occurred  in 
1904: 

Case  1. — Mr.  R.,  patient  of  Doctor  Buckley;  fatal  case.  History  of  2 tick  bites  in 
right  inguinal  region,  each  surrounded  by  an  undurated  inflammatory  zone;  patient 
was  apparently  infected  in  Grant  Creek,  namely,  outside  of  the  regular  district. 
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Case  2. — E.  C.,  patient  of  Doctor  Buckley;  fatal  case.  History  of  3 tick  bites  April 
24,  back  of  the  ear;  bites  caused  swelling  next  day,  fever  at  that  time;  eruption 
appeared  April  27. 

Case  3.  — Mrs.  K.  A. , patient  of  Doctor  Fitzgerald ; fatal  case.  Mrs.  A.  positively 
denied  any  history  of  tick  bite,  but  thought  she  had  been  bitten  by  a chicken  louse 
about  April  27.  On  account  of  the  tick  theory  she  was  on  her  guard  for  tick  bites. 
Every  inch  of  her  body,  including  hair,  pubis,  and  armpits,  was  carefully  examined 
by  the  nurses,  but  no  sign  of  ticks  or  tick  bites  was  discovered. 

Case  4- — Mrs.  M.  S.,  patient  of  Doctor  Merrick;  recovered  case.  Mrs.  S.  noticed  a 
tick  upon  her,  but  claims  that  it  did  not  bite  her;  no  sign  of  tick  bite  was  discovered, 
but  there  were  parts  of  her  body  (perineum)  which  were  not  examined. 

Case  5. — Miss  McM.,  patient  of  Doctor  Mills;  fatal  case.  So  far  as  could  be  deter- 
mined, tick  bites  seem  to  be  excluded  in  this  case.  Patient  was  aware  of  the  tick 
theory  and  had  been  sharply  on  the  lookout  for  these  parasites;  she  had  an  unusually 
delicate  and  sensitive  skin;  about  three  weeks  prior  to  the  attack,  she  found  a free 
tick  between  her  shoulders,  but  she  most  positively  denied  that  any  ticks  had  bitten 
her.  Every  inch  of  body  was  carefully  examined  by  two  nurses,  but  no  ticks  were 
found;  nor  was  anything  found  which  could  be  interpreted  as  tick  bite. 

Cased. — Mr.  F.  W.,  patient  of  Doctor  Pixley;  fatal  case.  History  of  tick  bites 
about  May  5;  had  chill  May  13. 

Case  7. — G.  M.,  patient  of  Doctor  Howard;  fatal  case.  History  of  tick  bites. 

Case  8. — R.  K.,  patient  of  Doctor  Minshall;  fatal  case.  History  of  tick  bites  in  four 
places  May  14  or  15;  tick  bites  cauterized  May  18;  chill  May  16  or  17. 

Case  9. — Mr.  G.  C.  E.,  patient  of  Doctor  Gwinn;  fatal  case.  History  of  many  tick 
bites  which  were  cauterized  with  carbolic  acid. 

Case  10. — J.  B.,  patient  of  Doctor  Mills;  recovered  case.  Tick  bite  was  denied  in 
this  case.  An  examination  of  the  body  showed  a slight  wound  on  one  ankle,  which 
might  have  been  due  to  a mosquito,  a thorn,  a tick,  or  something  else. 

Case  11. — Mrs.  E.,  patient  of  Doctor  Mills;  fatal  case.  Tick  bites  were  positively 
denied.  Careful  examination  of  the  body  showed  numerous  abrasions,  said  to  be 
due  to  mosquito  bites  which  the  patient  had  scratched,  but  no  positive  evidence  of 
tick  bite  was  found.  This  patient  and  her  husband  were  aware  of  the  tick  theory 
and  were  prepared  to  treat  the  bites 

Thus,  of  the  11  cases  which  occurred  in  the  Bitter  Root  Valley  6 
patients  gave  a positive  history  of  tick  bites.  In  none  of  these  cases 
was  the  tick  determined  zoologically,  but  ail  specimens  were  supposed 
to  be  Dermacentor  andersoni.  In  one  of  the  cases  the  tick  bite  was 
promptly  treated  with  carbolic  acid. 

In  the  5 remaining  cases  tick  bites  were  denied  by  the  patients  and 
their  families.  In  2 of  these  cases,  however,  it  was  admitted  that 
ticks  had  been  found  crawling  on  the  body.  In  1 case  the  entire  body 
was  not  carefully  examined,  but  tick  bite  was  denied.  In  1 case 
numerous  bites,  claimed  to  be  due  to  mosquitoes,  were  found.  In  1 
case  a slight  abrasion  was  found  which  could  not  be  delinitel}^  explained. 
In  1 case  it  was  claimed  that  the  patient  had  been  bitten  by  chicken  lice. 

In  addition  to  these  Bitter  Root  Valle}^  cases,  I am  able  to  refer  to 
2 cases  reported  to  me  by  Doctor  Alton: 

Case  12. — Patient  noticed  4 tick  bites  in  vicinity  of  left  elbow  about  May  3;  is 
positive  regarding  the  presence  of  the-  ticks  and  also  positive  that  he  was  not  bitten 
by  anything  else. 

Case  13. — Tick  bite  twelve  days  before  illness. 
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Through  the  kindness  of  Doctor  Gates  I am  able  to  give  data  regard- 
ing 17  cases  which  he  observed: 

There  is  no  record  of  any  tick  bite  in  5 of  his  cases,  which  occurred  1 each  in  1894, 
1898,  1900,  1902,  and  1904.  Of  these  only  the  case  of  1904  can  be  given  much  if 
any  weight. 

In  10  of  his  cases,  namely,  1 each  in  1900,  1901,  and  1902,  4 in  1903,  and  3 in  1904, 
there  was  history  of  tick  bite. 

Two  of  his  cases  (15  and  16)  of  1904:  are  especiall}"  interesting  in  this 
connection: 

The  patients  were  husband  and  wife.  On  May  29,  the  husband  (case  15),  of 
Bridger,  visited  the  Clark  Fork  Canyon,  some  60  miles  south  of  Bridger,  remaining 
in  that  vicinity  about  four  days,  during  which  time  he  was  bitten  by  ticks  in  five  or 
six  places.  About  seven  days  from  the  time  he  was  first  bitten,  namely,  June  5,  he 
arrived  home  in  Bridger,  and  felt  the  first  symptoms  of  the  disease.  Upon  reaching 
home  there  were  two  ticks  attached  to  his  body,  and  these,  of  their  own  accord  or 
from  friction  from  the  clothes,  became  detached  from  the  body  on  June  6,  and  then 
bit  the  wife  (case  16).  The  bites  occurred  during  the  night,  the  ticks  being  removed 
and  killed  by  the  patient  the  following  morning.  Following  the  removal  of  the 
ticks,  she  applied  carbolic  acid  to  the  bites.  On  the  evening  of  June  11  she  felt 
chilly,  feverish,  and  a general  malaise,  and  a fatal  attack  of  spotted  fever  followed. 

In  this  connection  it  may  be  pointed  out  that  Doctor  Bradbury  men- 
tions another  instance  where  husband  and  wife  ‘‘had  spotted  fever  at 
the  same  time,”  and  he  informs  me  that  the  wife  was  taken  sick  in  the 
morning,  the  husband  in  the  afternoon  of  the  same  day.  Neither  one 
was  bitten  b}"  ticks,  so  far  as  could  be  established. 

Wilson  and  Chowning  (1908a,  p.  31)  record  that  cases  4:5  and  4:6  were 
two  children,  aged  3 and  5 years,  apparently  brother  and  sister.  They 
are  reported  as  both  sick  in  June,  1899. 

Anderson  (1903c,  p.  16)  reports  two  cases  (113  and  114:)  where  the 
patients  were  husband  and  wife.  Doctor  Heine  has  written  me  that 
“the  wife  did  occup}"  the  same  bed  as  her  husband  during  the  period 
mentioned,”  namely,  during  the  prodromal  sj^mptoms  in  her  husband’s 
case. 

In  view  of  these  8 cases  (or  6 cases,  omitting  the  two  children),  it 
seems  to  me  that  the  possibility  is  b}"  no  means  excluded  that,  despite 
the  general  experience  regarding  the  noncontagiousness  of  the  disease, 
such  close  intimacy  as  sleeping  in  the  same  bed  might  perhaps  result 
in  a transmission  of  the  disease  to  a healthy  individual.  At  least,  it 
must  be  admitted  that  such  an  explanation  would  account  for  case  16 
of  Gates  as  satisfactorily  as  do  the  tick  bites;  and  it  must  further  be 
admitted  that  if  the  tick  bites  actually  did  give  the  infection  the  proof 
is  still  wanting  that  such  method  of  transmission  was  not  accidental. 

Dr.  W.  L.  Samuels  (see  below,  p.  28)  has  reported  to  me  the  case 
of  a girl  in  1904:  in  which  no  history  of  tick  bite  was  obtained  upon 
questioning  the  patient. 

In  connection  with  the  subject  of  ticks  I am  fortunately  in  a position 
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to  give  some  data  from  Idaho  also.  Doctor  Maxey  has  written  me 
under  date  of  October  21,  1904.  as  follows: 

In  view  of  the  above  findings  ('  and  the  further  fact  that  both  Doctor  McCalla  and 
myself  had  failed  to  obtain  a history  of  recent  tick  bite  in  a considerable  percentage 
of  our  cases,  we  were  led  to  question  the  theories  of-  Wilson  and  Chowning  even 
before  receiving  your  letter. 

In  considering  the.  possibility  of  infection  by  ticks  it  may  be 
remarked  that  the  tick  is  a verv  fertile  animal,  laving  hundreds  of 
eggs,  and  on  this  account  it  would  be  expected  on  a priori  grounds 
that  if  ‘‘spotted  fever'’  were  a tick-borne  piroplasmatic  disease  we 
ought  to  find  quite  a number  Pf  cases  developing  in  the  locality  where 
one  case  developed  rather  than  one  or  two  cases  each  in  several 
widely  separated  localities  (see  p.  43).  It  was  the  limited  number  of 
cases  in  comparison  with  the  great  fertility  of  the  tick  which  first 
raised  my  suspicions  against  the  tick  hypothesis. 

Tick  bites  are  exceedingly  common  in  the  Bitter  Root  Valley;  in 
fact,  Dermacentor  andersoni  is  so  common  that  it  seems  rather  strange 
that  all  of  the  patients  did  not  show  some  history  of  being  bitten  by 
them. 

That  tick  bites  are  not  alwavs  of  no  significance  is  abundantlv  demon- 
strated.  Doctor  Buckley,  for  instance,  had  a patient  who  was  bitten 
on  the  arm  b}^  a tick;  the  arm  became  quite  swollen  and  the  man  was 
, confined  to  bed  for  some  days.  Doctor  Parsons  had  a patient  who 
showed  an  extensive  lymphangitis  following  a tick  bite.  Upon  several 
occasions  I have  seen  lesions  from  one-fourth  of  an  inch  to  3 inches 
in  diameter  at  the  point  of  the  tick  bite. 

The  Burrowing  Squirrel  {Citellus  columbianus)  as  possible 

SOURCE  OF  Spotted  Fever. 

So  far  as  I am  aware,  Wilson  and  Chowning  (1902a,  p.  136)  were 
the  first  to  suggest  that  the  burrowing  squirrel  or  spermophile  rep- 
resents the  original  host  of  this  disease.  Their  grounds  for  this  sug- 
gestion were  as  follows: 

The  extreme  isolation  of  cases  of  “spotted  fever,”  their  occasional  development  in 
localities  removed  many  miles  from  the  site  of  any  previous  case,  and  the  long 
period  existing  between  the  death  or  convalescence  of  the  last  case  of  any  one  year 
before  the  development  of  the  fii’st  case  in  the  following  year,  would  point  to  the 
possibility  of  the  red-blood  cells  of  some  one  of  the  lower  warm-blooded  animals 
being  the  normal  host  of  the  parasitic  protozoon  in  that  stage  of  its  cycle  not  passed 
within  the  body  of  some  arachnoid.  Of  the  animals  within  the  infected  region,  the 
common  gray  gopher  would  probably  best  fulfill  the  conditions  of  such  a parasitism. 

The  writers  are  at  present  attempting  to  obtain  data  which  shall  confirm  or 
demolish  the  above  hypotheses. 


a Namely,  the  inability  of  Maxey,.  Charles  E.  Simon,  and  Cole  to  find  any  Piroplasma  in  blood  smears 
from  Idaho  cases. 


25 


In  their  later  papers,  Wilson  and  Chowning  (1903a,  pp.  85-90; 
1901a,  pp.  53-56)  go  more  into  detail  regarding  their  reasons  for  con- 
sidering the  spermophile  hypothesis.  Anderson  (1903a,  c)  does  not 
refer  to  the  spermophile  theory,  this  omission  being  due,  as  he  has 
informed  me,  to  his  absolute  rejection  of  the  idea. 

Differing  as  I do  with  Wilson  and  Chowning  in  mv  results  relative 
to  Piroplasina  hoininis  and  the  tick  hypothesis,  I felt  it  incumbent 
upon  me  to  discuss  in  detail  all  of  the  points  which  have  been  advanced 
in  support  of  the  spermophile  theory,  but  for  the  reasons  referred  to 
on  page  21,  with  regard  to  my  discussion  of  the  tick  theory,  I have 
omitted  all  the  discussion  of  the  spermophile  theory  also. 

CoMPARisox  OF  Spotted  Fever’'  with  Piroplasmatic  Diseases 

OF  Animals. 

GEOGRAPHIC  DISTRIBUTION. 

‘‘Spotted  fever”  is  reported  for  Idaho,  Montana,  Nevada,  Oregon, 
W 3mming,  ( ? IVashington  State),  and  possibh’  Utah  and  Alaska. 

Anderson  (1903c,  p.  8)  states  that  it  does  not  prevail  south  of  40°  or  north  of  47°, 
north  latitude;  it  occurs  at  an  average  elevation  of  about  3,000  to  4,000  feet  above 
sea  level. 

Idaho. — According  to  Bowers  (1896,  p,  63),  the  disease  is  endemic  in  southern  and 
central  Idaho  over  an  area  of  about  4,500  square  miles  about  Boise  City.  Dubois  (1896, 
p.  64)  gives  it  as  occurring  within  a radius  of  50  miles  from  Boise.  Figgins  (1896,  p. 
64)  states  that  it  is  found  only  in  valleys  of  the  mountain  districts,  while  Zipf  (1896, 
p.  65)  says  that  it  occurs  more  or  less  every  year  in  the  valleys,  very  seldom  in  the 
mountains.  Springer  (1896,  p.  61)  confines  it  to  the  Snake  River  Valley  and  its 
tributaries,  and  Fairchild  (1896)  confines  it  principally  to  the  same  region.  Sweet 
(1896,  p:  61)  says  that  it  is  found  in  the  entire  Snake  River  basin  and  its  tributaries, 
much  of  it  being  seen  along  the  routes  of  the  Oregon  Short  Line  Railroad.  Collister, 
(1896,  p.  62)  reports  it  as  extending  from  Pocatello  to  Huntington,  along  the  Snake 
River  plains.  According  to  Wilson  and  Chowning  (1904a,  p.  34),  llaxey’s  paper 
describes  cases  m Idaho  mostly  along  the  southern  foothills  of  the  Boise  mountain. 
The  cases  seem  to  be  limited  largely  to  the  north  side  of  the  Snake  River  Valley 
from  Seven  Devils  to  Haley,  and  to  occur  from  the  latter  part  of  March  to  the  middle 
of  July.  This  information  may  possibly  have  been  obtained  directly  from  Maxey, 
as  I do  not  find  these  statements  in  Maxey’ s paper. 

The  statements  in  reference  to  Idaho  by  Wilson  and  Chowning  are  based  upon 
IMaxey’s  paper  and  upon  the  Wood  symposium,  while  those  by  Anderson  are  based 
upon  3Iaxey. 

Montana. — McCullough  (1902,  pp.  225-228)  states  that  careful  inquiry  shows  the 
disease  to  be  more  widely  spread  than  is  generally  supposed,  and  that  it  has  pre- 
vailed at  Camas  Prairie,  up  the  Blackfoot,  at  Phiilipsburg,  Clinton,  Rock  Creek, 
Rattle  Snake  Valley,  and  far  up  the  Lo  Lo,  all  regions  separate  and  apart  from  the 
supposed  infected  area  in  the  Bitter  Root  Valley.  He  calls  special  attention  to  this 
distribution  in  order  to  correct  the  erroneous  idea  that  the  disease  is  a “ bugbear  to 
this  particular  locality ” (Bitter  Root  Valley).  Gwinn  (1902)  refers  to  the  disease 
as  occurring  in  the  Bitter  Root  Valley,  Rock  Creek,  and  Phiilipsburg. 

Wilson  and  Chowning  (1902a,  p.  132)  state  that  the  cases  in  Montana  are  confined 
to  the  eastern  foothills  of  the  Bitter  Root  ^Mountains,  namely,  on  the  western  side  of 
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the  Bitter  Root  Valley  in  an  area  from  4 to  10  miles  wide  and  90  miles  long,  Xo 
case  has  ever  been  known  to  originate  in  Montana  outside  of  this  territory,  except 
7 cases  in  an  area  about  half  a mile  wide  and  2 miles  long  in  the  narrow  canyon 
of  Rock  Creek,  about  20  miles  east  of  the  Bitter  Root  Valley.  Later  (1903a,  p.  42) 
they  modify  this  statement  to  read  that  “few,  if  any,  cases  have  ever  been  known  to 
originate  in  ^Montana  outside  of  this  territory,  etc.”  Still  later  (1904a,  pp.  33-34) 
they  say  that  the  cases  in  Montana  are  confined  to  the  eastern  foothills  of  the  Bitter 
Root  ^Mountains,  but  they  refer  also  to  8 Rock  Creek  cases  and  to  2 cases  in  a valley 
near  Bridger,  Mont.,  about  250  miles  east  and  75  miles  south  of  Bitter  Root  Valley. 
These  latter  cases  are  evidently  those  reported  by  Gates  (1903,  pp.  48-51)  at  Ther- 
mopolis  (Wyo. ) and  near  Bridger  (5Iont. ). 

Anderson  (1903a,  p.  506)  mentions  the  disease  in  Montana,  particularly  for  the 
Bitter  Root  Valley  (from  Lo  Lo  to  Como)  and  Rock  Creek,  but  later  (1903c,  p.  4) 
refers  also  to  Gates’s  cases  near  Bridger. 

Daring  the  sea.son  of  190L  I observed  (through  courtesy  of  the  attend- 
ing physicians)  10  of  the  11  cases  in  the  Bitter  Root  Valle}",  distributed 
as  follows: 

Case  1. — Supposed  to  have  become  infected  at  or  near  a sawmill  on  Grant  Creek, 

6 miles  north  of  5Iissoula;  this  was  reported  as  being  the  first  case  in  that  locality. 
Patient  was  taken  to  Missoula. 

Case  ^.—Patient  infected  3 miles  west  of  Victor,  on  west  side  of  Bitter  Root  River. 

Case  3. — Xear  Carlton,  on  west  side  of  Bitter  Root  River.  Patient  was  taken  to 
Missoula. 

Case  — In  Pattee  Canyon,  on  east  side  of  Bitter  Root  River,  3 miles  east  of  Fort 
Miss,oula.  There  is  no  evidence  that  the  patient  had  visited  the  west  side. 

Case  5. — Near  Woodman,  up  the  Lo  Lo  Creek,  west  side  of  Bitter  Root  River. 
Patient  was  taken  to  5Iissoula. 

Case  6. — Supposed  to  have  become  infected  at  Harvey  Creek,  about  20  miles  east 
of  Florence. 

Case  7.  — About  8 miles  southwest  of  Hamilton;  on  west  side  of  Bitter  Root  River, 

Case  8. — Taken  sick  in  Missoula;  had  not  recently  been  up  on  the  west  side  of  the  ' 
Bitter  Root  River,  but  had  visited  Bonner,  east  of  Missoula,  just  prior  to  illness. 

Case  9. — Xear  Florence,  west  side  of  Bitter  Root  River,  Patient  taken  to  Missoula, 

Case  10. — L^ft  Iowa  six  weeks  previously;  had  been  in  Bozeman  five  weeks;  arrived 
in  Missoula  June  2,  changing  cars  en  route  to  Hamilton;  began  to  feel  indisposed 
about  the  time  he  changed  cars;  taken  worse  in  Hamilton  (east  side  of  Bitter  Root 
River);  later  taken  to  Missoula. 

Case  11. — Had  been  in  the  United  States  four  weeks;  came  to  Missoula  about  June 
1;  remained  here  five  days,  fhen  moved  to  a ranch  near  Woodman,  up  the  Lo  Lo 
Creek,  west  side  of  Bitter  Root  River.  Patient  taken  to  Missoula. 

From  this  will  be  seen  that  of  the  11  cases  in  question  6 cases, 
Nos.  2,  3,  5,  7,  9.  11,  appear  to  have  become  infected  on  the  west  side  of 
the  Bitter  Root  River,  while  5 cases  show  no  history  of  having  visited 
that  locality  (except  case  10,  see  below,  p.  27)  immediately  prior  to 
infection.  One  case  (Xo.  L)  appears  to  have  become  infected  on  the 
east  side  of  the  Bitter  Root  River.  One  case  (Xo.  1)  seems  to  have 
been  infected  up  Grant  Creek.  One  case  (Xo.  6)  appears  to  have  been 
infected  on  the  west  side  of  Harvey  Creek  some  distance  east  of  the 
Bitter  Root  River.  One  case  (Xo.  8)  seems  to  have  become  infected 
either  at  Bonner  or  at  Missoula;  and  one  case  (Xo.  10)  seems  to  have 
become  infected  somewhere  between  Bozeman  and  Hamilton,  going 
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via  Missoula.  From  Fort  Missoula  to  a point  between  Woodside  and 
Hamilton  the  train  runs  close  to  the  river  on  the  west  side  of  the 
stream. 

While  the  predominance  of  cases  on  the  west  side  of  the  Bitter  Root 
River,  as  reported  by  Wilson  and  Chowning  and  b}-  Anderson,  was 
noticed  (6:5)  in  the  season  of  1904,  the  cases  were  not  so  confined  to 
that  locality  as  might  be  expected  in  view  of  former  statistics.  In 
regard  to  case  No.  6 (Harve}"  Creek)  it  is  important  to  note  that  Wilson 
and  Chowning  (1903a,  map)  report  cases  Nos.  13,  11,  15  (28  and  30 
marked  as  doubtful),  29,  Td,  and  107  from  the  vicinity  in  which  case 
190d:6  is  supposed  to  have  become  infected. 

Gates  (1905,  p.  lid)  reports  13  cases  in  or  near  Bridger  from  1900  to 
190d,  inclusive,  d of  these  occurring  in  190d. 

Alton  (1905,  p.  110)  reports  2 cases  in  Livingston  for  190d;  one  of 
these  came  from  Lewiston,  the  other  from  Gardiner,  Park  County. 

According  to  a newspaper  clipping  dated  May  23, 1901,  there  was  a 
case  of  spotted  fever  in  Billings,  Mont.,  attended  by  Doctor  Clark. 

1 have  also  heard  of  one  case  at  Dillon,  but  do  not  recall  the  details. 

Wyoming. — Gates  (1903,  p.  48)  reports  1 case  from  Thermopolis;  see  also  Anderson 
(1903c,  p.  4). 

According  to  Wilson  and  Chowning  (1904a,  p.  34),  Dr.  J.  J.  Bradbury,  of  Cody, 
wrote  to  them  that  cases  occurred  in  1903  near  Cody  and  Meeteetse.  Anderson 
(1903c,  p.  8)  also  refers  to  these  cases. 

Gates  (1905,  p.  Ill)  reports,  in  all,  d cases  for  W}"oming,  namely, 
Meyersville,  1 case,  1891;  Thermopolis,  2 cases,  1898,  and  Shoshone 
River,  1 case,  1901. 

Bradbury  has  written  to  me  (October  31,  1901)  that  he  had  had  2 
cases  at  Cod}",  but  none  in  1901. 

Nevada. — Maj.  W.  P.  Kendall,  surgeon,  U.  S.  Army,  reported  in  a letter  to  Wilson 
and  Chowning  (1904a,  p.  34)  that  he  saw  cases  in  1887  in  the  Quinn  River  Valley. 
Kendall’s  cases  are  also  referred  to  by  Anderson  (1903c,  pp.  7-8). 

Major  Kendall  has  written  to  me  under  date  of  October  23,  1901, 
that  during  his  tour  of  duty  at  Fort  McDermitt,  Nev.,  1885-1889,  he 
saw  10  or  12  cases  of  the  locally  so-called  ‘‘spotted  fever;”  his  med- 
ical friends  at  Winnemucca,  Nev.,  told  him  that  there  was  a great  deal 
of  this  disease  at  a small  hamlet  some  25  miles  distant  up  the  valley, 
but  by  them  it  was  not  considered  to  be  a dangerous  malady,  as  “they 
never  died.”  One  of  the  Winnemucca  physicians  stated  that  he  had 
seen  some  50  cases. 

Dr.  P.  I.  Mangan,  of  Winnemucca,  has  written  to  me  under  date  of 
November  5,  1901,  that  he  has  repeatedly  heard  of  a disease  termed 
“spotted  fever”  that  has  appeared  at  Paradise  Valley,  some  15  miles 
distant  from  Winnemucca,  and  also  at  Fort  McDermitt,  but  no  case 
was  reported  in  1901;  he  is  informed  that  the  disease  has  appeared  at 
isolated  places  subsequent  to  sheep  shearing,  and  many  persons  sup- 
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pose  it  to  be  due  to  contamination  from  the  sheep;  in  many  cases  the 
patients  are  veiy  sick,  the  attack  lasting  several  months;  some  fatal 
cases  have  occurred. 

Dr.  W.  L.  Samuels,  of  Winnemucca,  has  written  to  me  under  date 
of  November  14, 1904,  that  ‘‘spotted  fever”  makes  its  appearance  from 
time  to  time  in  Paradise  and  in  a locality  near  the  sink  of  Quinn  River. 
Both  of  these  localities  are  sheep  countries,  and  the  presence  of  bands 
of  sheep  is  supposed  to  pollute  the  water  courses;  this  is  popular  belief 
throughout  this  section.  He  says: 

I had  no  cases  in  1904,  but  2 well-marked  cases  last  year  (1903).  The  first  was  an 
old  man,  a sheep  herder,  from  the  Quinn  River  country.  My  second  case  was  a school- 
girl, age  18,  who  had  attended  a school  picnic  in  Cross  Canyon,  about  7 miles  from 
town.  I questioned  her  closely  as  to  the  possibilitj"  of  a tick  bite,  but  she  said  that 
she  did  not  remember  having  any  ticks  on  her  for  months  past.  However,  a-  band 
of  sheep  had  been  driven  through  the  upper  end  of  the  canyon  the  same  week  she 
attended  the  picnic. 

Both  of  my  cases  showed  marked  tendency  to  collapse,  requiring  heart  stimulants 
all  the  time.  Outside  of  that  the  treatment  consisted  of  maintaining  the  body  tem- 
perature and  a careful  attention  to  the  diet. 

I have  been  informed  by  the  people  who  have  had  the  disease,  and  who  have  seen 
nurnerous  cases,  that  if  the  patient  gets  chilled  the  results  are  fatal,  and  my  experi- 
ence with  the  girl  mentioned  above  makes  me  think  there  is  something  in  that 
point.  She  got  the  covers  off  one  night,  and  I spent  several  hours  with  her  before 
her  condition  became  satisfactory  again. 

I think  there  has  been  a marked  diminution  in  the  number  of  cases  noted  in  this 
locality  in  the  last  five  or  six  years. 

Oregon. — According  to  Anderson  (1903c,  p.  8),  the  mild  form  of  the 
disease  has  been  reported  in  eastern  Oregon,  but  he  does  not  state 
where  and  by  whom  it  was  observed. 

Utah. — Sweet  (1896)  states  that  the  disease  does  not  to  his  knowl- 
edge occur  in  Utah,  but  Smith  (1905)  (see  below,  p.  116)  reports  a 
possible  case. 

Alaska. — McCullough  (1902,  p.  225)  sa3^s  that  reports  show  that 
the  same  disease  occurs  in  Alaska,  and  Gwinn  (1902)  sa}"s  that  he  has 
repeatedly  read  newspaper  accounts  of  a disease  about  Klondike 
which  very  much  resembled  “spotted  fever.” 

COMPARISON  WITH  THE  OTHER  DISEASES. 

Bovine  jnroplasrnosis  occurs  in  the  United  States,  West  Indies,  Argentine,  South- 
ern Venezuela,  Uruguay,  and  apparently  Brazil;  in  Australia,  Africa  (Algiers, 
Egypt,  Uganda,  Kamerun,  Cape  Colony,  German  East  Africa,  etc.);  in  southwest 
Russia,  Bulgaria,  Hungary,  Roumania,  Turkey,  Itahq  France,  Germany,  Finland, 
Norway,  and  perhaps  in  Great  Britain  (Nuttall,  1904,  p.  220).  Texas  fever  inay 
extend  from  37°  to  38°  north  latitude  to  the  Gulf  of  Mexico  (for  exact  area,  see  maps 
published  by  the  United  States  Bureau  of  Animal  Industry).  Hemoglobinuria  is 
found  in  certain  swampy  regions  on  the  Danube. 

Ovine  piroplasmosis  is  reported  from  Roumania,  Italy,  Turkey,  France,  and  a simi- 
lar affection  occurs  in  St.  Thomas,  V^st  Indies,  and  in  South  Africa.  Johnson 
reports  piroplasmatic  ictero-hematuria  for  Deer  Lodge,  Mont.  According  to  Babes, 
the  cases  on  the  lower  Danube  occur  in  marshy  regions. 
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Equine  piroplasmosis  has  been  observed  in  South  Africa  and  Germany,  and  perhaps 
in  Venezuela. 

Canine  piroplasmosis  is  reported  for  Italy,  France,  and  South  Africa.  Piana  and 
Galli- Valerio  (1895)  noticed  it  in  dogs  which  had  hunted  in  marshy  localities. 
Hutcheon  (1893,  p.  477)  states  that  in  South  Africa  it  is  very  common  in  coast  towns 
and  districts,  but  comparatively  rare  in  higher  inland  districts  of  Cape  Colony; 
nevertheless,  it  prevailed  about  Herschel  in  1893. 

From  these  data  it  will  be  observed  that  piroplasmatic  diseases  have 
a wide  geographic  distribution,  but  are  not  confined  chiefl}^  to  foothills 
of  mountain  ranges;  they  may  be  found  in  swampy  valleys. 

The  question  of  distribution  probably  depends  more  upon  the  abil- 
ity of  the  transmitting  tick  to  develop  than  upon  any  other  one  factor, 
and  as  ticks  develop  in  the  region  of  ‘‘spotted  fever,”  a comparison 
of  the  geographic  distribution  of  the  various  diseases  gives  us  but 
meager  details  upon  which  to  form  any  judgment  regarding  the  ques- 
tion now  at  issue. 


NUMBER  OF  CASES. 


Montana. — Gwiiin  (1902)  estimates  the  number  of  cases  he  has  seen  in  fifteen  years 
as  about  200.  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  28;  1904a,  p.  33)  think 
that  probably  200  cases  of  the  severe  type  have  occurred  (in  the  Bitter  Boot  Valley) 
since  the  disease  first  appeared;  they  collate  114  cases  (1903a,  pp.  32-41)  since  1885 
which  they  collected  from  correspondence  with  the  physicians  of  the  valley,  but 
they  give  cases  11,  18,  19,  37,  40,  108,  113,  and  114  as  doubtful.  Anderson  (1903c, 
pp.  12-18)  increased  this  compilation  to  121  cases. 

Taking  the  cases  given  in  the  tables  published  by  Wilson  and  Chown- 
ing and  Anderson  for  the  Bitter  Root  Valley  we  find  the  following 
distribution  by  years  from  1885  to  1892,  inclusive: 


Year. 

Cases. 

Deaths. 

Per- 

centage 

deaths. 

1885 > 

1 

1 

100.0 

1886  

1887  

1 

1 

100.0 

1888 

3 

1 

33.3 

1889 

3 

3 

100.0 

1890  

1 

1 

100.0 

1891 

6 

4 

66.6 

1892  

3 

1 

33.3 

1893  

1894  

4 

2 

50.0 

1895  

3 

3 

100.0 

Year. 

Cases. 

Deaths. 

Per- 

centage 

deaths. 

1896 

6 

6 

100.0 

1897 

6 

5 

83.3 

1898 

3 

2 

66.6 

1899 

23 

14 

60.8 

1900 

12 

9 

75. 0 

1901 

14 

10 

71.4 

1902 

21 

15 

71.4 

Date? 

4 

2 

50.0 

Total 

114 

80 

70. 17 

As  these  statistics  are  based  upon  notes  which  the  local  i)hysicians 
wrote  up  largely  from  memory,  it  is  perhaps  an  open  question  whether 
we  should  draw  the  conclusion  that  the  disease  has  increased  in  fre- 
quency since  1898,  as  the  number  of  inhabitants  in  the  valley  have 
increased,  or  whether  we  should  attribute  the  fewer  number  of  cases 
reported  for  earlier  vears  to  the  fact  that  the  earlier  cases  had  passed 
out  of  the  memory  of  the  local  physicians. 

Anderson  (1903c,  pp.  l,  16-19)  reports  but  9 cases  for  1903,  with  3 
deaths,  but  he  speaks  (1903a,  p.  40)  of  10  cases  under  treatment. 


30 


Wilson  and  Chowning  (lOOda,  p.  32)  refer  to  having  seen  10  cases 
personal!}"  in  1903,  and  to  having  collected  data  from  2 cases  which 
they  did  not  see.  To  these  12  cases,  7 deaths,  should  be  added  the 
following: 

1903,  August-September. — E.  B.,  telegraph  operator,  was  at  Woodman,  on  Lo  Lo 
stream.  Was  taken  sick  with  a chill  Saturday  evening  (August  29),  and  brought  to 
llissoula  Monday  morning  (August  30),  where  he  later  died.  He  was  aware  of  the 
“tick  theory”  which  had  been  published,  but  claimed  that  he  was  not  bitten  by 
ticks.  Mr.  and  Mrs.  George  Kieth  say  positively  that  there  was  no  history  of  tick 
bite  in  this  case.  He  was  seen  by  Doctor  McCullough  and  Dr.  Parsons. 

1903,  August-September. — J.  G.  W.,  24  or  25  years  old;  so  far  as  he  knew,  he  was 
last  bitten  by  a tick  in  July.  About  the  last  of  August  he  was  taken  sick  and  saw 
Doctor  McGrath,  who  made  a diagnosis  of  “spotted  fever”  and  sent  him  to  St.  Pat- 
rick’s Hospital  in  Missoula.  He  reached  Missoula  September  1 and  was  treated  by 
Doctor  Mills.  The  case,  which  was  “typical,”  ended  fatally  on  September  5. 

During  the  season  1904  there  occurred  in  the  Bitter  Eoot  Valley  11  cases,  with  9 
deaths.  Thus  we  may  complete  the  above  table  (p.  29)  as  follows: 


Date. 

Cases. 

Deaths. 

Lethality. 

1885  to  1902 

114 

80 

Per  cent. 
70. 17 

1903 - 

14 

9 

64. 29 

1904 

11 

9 

81. 82 

Total  Bitter  Root  Valiev,  1885  to  1904 

139 

98 

70.5 

Gatests  cases  near  Bridger,  1894  to  1904 

17 

3 

17.6 

Comparison. — In  bovine  piroplasmosis  large  numbers  of  animals  may  be  affected  in 
the  same  season.  In  some  years  20  per  cent  of  the  sheep  in  the  swampy  islands  of 
the  lower  Danube  are  destroyed  by  carceag. 


The  occurrence  of  a large  number  of  cases  of  a piroplasmatic  infec- 
tion in  a given  district  is  natural,  when  we  consider  how  A"ery  prolific 
an  animal  the  tick  is.  A female  tick  lays  hundreds  of  eggs,  and  it  is 
the  next  generation  (developing  from  the  eggs  of  an  infected  female) 
which  carries  the  infection.  Accordingly,  for  every  infected  female 
which  lays  eggs,  there  may  be  hundreds  of  infected  individuals  of  the 
next  generation,  hence  piroplasmatic  diseases  are  apt  to  attack  large 
numbers  of  patients  at  about  the  same  time  in  the  same  locality,  and 
if  ‘‘  spotted  fever”  is  a piroplasmosis,  transmitted  by  a tick,  we  should 
expect  a large  number  of  cases  to  develop  in  any  locality  in  which  one 
case  develops.  This,  however,  is  exactly  what  we  do  not  find  in 
'‘spotted  fever,”  and  this  was  the  first  point  to  lead  me  to  seriously 
doubt  the  tick  hypothesis.  AYilson  and  Chowning  lay  considerable 
stress  upon  the  point  that,  according  to  their  studies,  “ in  no  instance 
have  two  or  more  persons  with  the  same  food  or  water  supply  been 
simultaneously  stricken  with  this  disease.” 

LOCALITY  OF  INFECTION. 

Idaho. — Several  Idaho  observers  speak  especially  of  the  fact  that  the  disease  is 
found  in  the  valleys;  and  Collister  (1896,  p.  63)  says  that  it  is  rarely  found  in  high 
mountains.  Maxey  (1899,  p.  434)  states  that  in  his  opinion  it  is  contracted  while 
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the  patients  are  residing  or  sojourning  in  or  near  the  foothills  of  the  mountains;  he 
has  carefully  investigated  this  question  of  residence  in  every  case  coming  nnder  his 
observation  and  has  found  that  without  exception  there  was  a history  of  a longer  or 
shorter  residence,  just  prior  to  the  sickness,  in  or  near  the  mountains  or  along  some 
mountain  stream  where  the  sole  water  supply  came  from  melting  snow. 

Montana. — Gwinn  (1902)  says  that  in  the  Bitter  Boot  Valley  at  least  90  per  cent  of 
the  cases  occur  on  the  west  side  of  the  river.  Wilson  and  Chowning  (1902a,  p.  132) 
state  that  in  ^Montana  the  cases  are  confined  to  the  eastern  foothills  of  the  Bitter 
Root  Mountains  (see  also  above,  p.  25).  They  describe  this  range  as  very  rugged, 
the  top  being  covered  with  snow  until  about  July  1,  and  some  peaks  capped  through- 
out the  year;  the  range  on  the  east  side  of  the  valley  is  less  rugged,  though  the  snow 
remains  almost  as  long  ui  the  spring  as  on  the  west  side;  on  the  footliills  the  snow 
melts  from  sunny  exposures  as  early  as  February,  the  bulk  of  it  disappearing  in  April 
and  May;  the  climate  of  the  valley  is  very  mild,  as  is  evidenced  by  the  many  orchards 
of  apple,  cherry,  and  plum  trees;  the  altitude  of  the  valley  is  about  3,500  feet  above 
sea  level.  In  their  later  papers  (1903a,  pp.  42,  67;  1904a,  pp.  33,  34,  43)  they  prac- 
tically repeat  these  statements,  laying  stress  upon  the  locahzation  of  the  Bitter  Root 
Valley  infection  to  the  foothills  on  the  west  side.  They  do  not  discnss  the  topog- 
raphy of  the  Rock  Creek  cases. 

Anderson  (1903a,  p.  506;  1903c,  p.  8),  in  discu-ssing  the  localization  in  the  Bitter 
Root  Valley,  says  that  the  disease  is  sharply  localized  on  the  west  bank  of  the 
Bitter  Root  River,  no  case  ha^'ing  been  known  on  the  east  side  of  the  river  who  had 
not  a short  time  previously  \dsited  the  west  side.  Certain  places,  he  states,  seem  to 
be  more  heavily  infected  than  others. 

From  the  list  of  cases  for  190T.  given  on  page  26.  it  will  be  .seen  that 
these  statements  as  to  localization  are  borne  out  to  a certain  extent, 
but  that  while  6 cases  occurred  on  the  west  side  of  the  Bitter  Root 
River,  1 case  certainly  occurred  on  the  east  side,  and  in  4:  other  cases 
no  emdence  was  obtained  that  the  patients  had  visited  the  west  side 
shortly  before  their  illness  (except  that  one  had  passed  through  on  a 
train). 

In  connection  with  the  larger' number  of  cases  on  the  west  side  it 
should  be  mentioned  that  there  is  a marked  difference  in  general  con- 
ditions  between  the  east  and  west  sides.  On  the  west  side  there  is 
much  more  timber  and  underbrush:  the  west  .side  is  narrower  than 
the  east  and  is  watered  by  more  numerous  mountain  .streams,  as  is 
.shown  in  the  map  published  by  Wilson  and  Chowning  (1903a)  and 
Anderson  (1903c).  In  driving  through  the  valley  one  is  struck  by  the 
difference  in  the  general  conditions  of  moisture  (the  ea.st  side  being 
less  damp)  and  by  the  generally  better  economic  and  hygienic  condi- 
tions than  on  the  we.st  side. 

In  this  connection,  however,  it  is  interesting  to  note  that  there  is  a 
short  stretch  of  land,  several  miles  in  length,  on  the  west  side,  between 
Carlton  and  Lo  Lo.  for  which  neither  Wilson  and  Chownmg  (1903a. 
map)  nor  Andersen  (1903c,  map)  report  any  cases  of  .spotted  fever  for 
the  years  1885  to  1903,  inclusive.  This  particular  locality  resembles, 
in  condition,  the  east  .side  much  more  closely  than  does  any  other 
portion  of  the  we.st  side  between  Lo  Lo  and  Hamilton.  Remarking 
upon  this  point  to  one  of  the  farmers  in  the  locality  in  cpiestion.  I was 
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informed  by  him  that  in  said  locality"  the  people  had  never  experienced 
“spotted  fever”  and  did  not  fear  it. 

Whether  or  not  the  absence,  or  at  least  the  apparent  absence,  of 
spotted  fever  from  this  restricted  area  between  Carlton  and  Lo  Lo  is 
connected  with  the  more  advanced  condition,  as  found  also  on  the  east 
side,  is  one  of  the  points  to  which  future  investigation  should  be 
directed. 

It  will  be  noticed  that  while  Wilson  and  Chowning  (1902a,  1903a, 
1901a)  and  Anderson  (1903a,  1903c)  speak  of  the  east  side  of  the  Bit- 
ter Root  Valle}"  as  the  uninfected  locality  and  the  west  side  as  the 
infected  localit}",  other  statements  Wilson  and  Chowning  make  la\" 
stress  upon  the  fact  that  infection  is  more  or  less  limited  to  the  foot- 
hills on  the  west  side.  Maxey  also  mentions  especially  the  foothills 
in  Idaho. 

To  Ashburn  and  to  me  these  references  to  the  foothills  seemed  to 
be  of  no  little  importance,  and  they  were  rather  strongly  confirmed 
by  our  inquiries,  for  we  found  the  general  opinion  to  be  that  it  was 
chiefly  in  the  foothills  that  infection  took  place.  This  indicated  that 
the  infectious  area,  or  at  least  the  area  of  more  intense  infection, 
was  bounded  on  the  east,  not  by  the  Bitter  Root  River,  but  b}"  the 
“bench,”  or  foothills,  and  as  a matter  of  fact  the  local  plwsicians  and 
inhabitants  seemed  quite  general!}"  to  be  under  the  impression  that 
the  narrow  lowlands  close  to  the  river  were  comparatively,  if  not 
entirely,  safe  so  far  as  infection  was  concerned. 

CoMPAKisox. — As  shown  on  page  29,  this  tendency  to  limitation  of  infection  in  the 
foothills  of  mountains  does  not  seem  to  agree  with  piroplasmosis  in  cattle,  sheep, 
and  dogs. 

SEASONAL  DISTRIBUTION. 

Practically  all  authors  lay  stress  upon  the  fact  that  the  affection 
under  discussion  is  preeminently  a disease  of  the  spring  months,  but  it 
might  be  well  to  direct  attention  to  the  fact  that  any  given  date  (as 
April  15)  in  the  localities  in  question  does  not  necessarily  correspond 
in  season  to  the  same  date  in  localities  in  the  Southern  or  Eastern 
States. 

Idaho. — Bowers  (1896,  p.  63)  says  that  “spotted  fever”  occurs  only  during  the 
spring,  from  about  the  1st  of  March  to  the  middle  of  May.  According  to  Collister 
(1896,  pp.  62-63)  it  appears  in  March  and  continues  until  the  latter  part  of  June. 
After  Fairchild  (1896)  it  usually  prevails  from  April  1 to  July  1.  Maxey  (1899,  p. 
434)  reports  that  it  invariably  occurs  during  the  spring  months.  The  Medical  Sen- 
tinel (1899,  p.  457)  says  that  “the  greater  prevalence  of  this  fever  in  the  spring  sug- 
gests that  the  infection  enters  the  system  more  easily  at  this  time,  or  that  the  morbific 
agent  is  to  be  found  in  greater  profusion.  Reasoning  on  grounds  of  analogy  it  would 
seem  that  the  former  is  the  more  likely  explanation.  Xo  doubt  stockmen,  herders, 
and  others  living  in  these  high  altitudes  have  their  powers  of  resistance  considerably 
lessened  by  the  rigors  of  a long  winter;  exposure  to  cold  and  deprivation  of  certain 
articles  of  diet  producing  a condition  approaching  scurvy.  Naturally,  then,  we  would 
expect  in  a weakened  system  an  exhibition  of  virulence  from  the  first  pathogenic 
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microbes  to  be  liberated  and  distributed  by  the  melting  snows  of  the  spring.  There 
is  here  a resemblance  to  a water-borne  disease,  and  until  Widal’s  serum  test  (see 
below,  p.  66)  is  tried  there  will  be  cause  for  skepticism  and  a diversity  of  opinion  as 
to  the  true  nature  of  the  malady.” 

Montana. — McCullough  (1902)  says  that  “spotted  fever”  occurs  in  the  spring,  more 
likely  in  April  and  May  than  at  other  times,  yet  it  has  occurred  as  early  as  January 
and  as  late  as  July.  According  to  Gwinn  (1902)  time  bears  a causal  relation,  as  is 
shown  by  the  fact  that  the  disease  does  not  occur  during  the  latter  half  of  the  year; 
nearly  all  cases  occur  in  the  months  of  April,  May,  and  June,  May  being  the  worst 
month.  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  pp.  42,  68;  1904a,  pp.  35,  43) 
state  that  the  disease  occurs  only  in  the  spring.  The  earliest  recorded  case  began 
March  17,  and  the  latest  about  July  20,  though  most  cases  occur  between  May  15 
and  June  15.  There  are  no  records  of  any  cases  occurring  between  August  1 and 
jMarch  17,  though  there  are  rumors  of  some  cases  having  occurred  as  early  as 
February.  Anderson  (1903c,  p.  8)  agrees  essentially  Avith  Wilson  and  Chowning. 

Wilson  and  Chowning  (1903a,  p.  43)  print  a table  of  the  cases,  distributed  by 
months;  they  later  insert  (1904a,  p.  35)  the  cases  of  1903.  In  the  folloAving  table  I 
add  to  their  cases  the  Bitter  Root  Valley  cases  I have  collected. 


Month. 

Reported 
by  Wilson 
and  Chow- 
ning, 1904a, 
page  35. 

Additional 

cases. 

Total. 

Remarks. 

January 

(?) 

(?) 

(?) 

See  McCullough,  1902;  uncertain  case,  see  Cobb, 
1902,  page  1868. 

Rumors,  see  Wilson  and  Chowning,  1902a,  page 
132;  a few  cases  when  March  Ayas  mild,  see 
Cobb,  1902,  page  1868. 

February 

(?) 

March 

6 

6 

April 

24 

9 

26 

53 

The  2 additional  cases  (1,  2)  in  1904. 

The  7 additional  cases  (3,  4.  5,  6,  7.  8,  9)  in  1904 
The  2 additional  cases  (10,  11)  in  1904. 

May 

46 

7 

June 

35 

2 

37 

July 

5 

5 

August 

Cases  in  1903,  see  page  30. 

September 

I - 

2 

“Spring”  

10 

10 

Total  

126 

13 

139 

Of  the  17  cases  reported  by  Gates  for  another  locality,  4 occurred 
in  April,  6 in  May,  and  7 in  June. 

It  is  a more  or  less  popular  belief  among  some  of  the  inhabitants  of 
the  Bitter  Root  Valley  that  cases  of  ‘ * spotted  fever  ” are  more  likel  v 
to  occur  during  the  time  that  the  streams  are  rising  than  while  they 
are  falling.  This  would  indicate  that  it  occurred  either  during  or  fol- 
lowing a rise  in  temperature,  such  as  would  melt  the  snow  on  the 
mountains,  or  during  or  following  a rainfall. 

Through  the  kindness  of  Prof.  Willis  Moore,  Chief  of  the  United 
States  Weather  Bureau,  I have  been  able  to  obtain  the  daily  tempera- 
tures and  rainfall  for  Missoula  for  the  months  of  Februar^^-September, 
inclusive,  1899-1901,  inclusive,  so  far  as  these  have  been  recorded  b}" 
volunteer  observers  (Prof.  M.  J.  Elrod),  and  I have  attempted  to  plot 
the  cases  of  “spotted  fever”  which  are  reported  for  the  Bitter  Root 
Valley  for  the  corresponding  da}^s.  While  this  study  was  interesting, 
it  is  not  entireh"  satisfactory  for  several  reasons;  in  the  first  place, 
23339— Vo.  20—05 3 
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the  exact  date  of  the  onset  in  a number  of  cases  is  not  given;  further, 
the  temperature  and  precipitation  varies  some  in  different  parts  of  the 
valley,  and  I could  not  obtain  these  data  for  the  exact  locality  where 
the  cases  occurred.  Hence  the  results  obtained  are  only  approximate. 

I find  that  of  the  cases  upon  which  even  an  approximate  comparison 
could  be  made  13  cases  developed  iu  the  valley  within  seventy-two 
hours  following  an  increase  in  temperature  at  Missoula,  but  no  pre- 
cipitation was  reported  for  Missoula;  45  additional  cases  developed  in 
the  valley  within  seventy-two  hours  following  an  increase  in  temper- 
ature at  Missoula,  and  precipitation  is  reported  for  Missoula  during 
the  same  period.  Thus  a total  of  5S  cases  occurred  during  or  follow- 
ing conditions  which  would  result  in  a swelling  of  the  streams,  hence 
more  moist  general  conditions.  One  additional  case  developed  during 
a decrease  of  temperature  at  Missoula,  without  any  contemporaneous 
precipitation. 

Without  laying  too  much  stress  upon  these  data,  because  of  their 
incompleteness,  it  is  rather  striking  that  of  the  59  cases  in  which  the 
given  data  could  be  compared,  5S  of  them,  or  98.3  per  cent,  occurred 
under  conditions  which  would  result  in  an  increase  in  the  amount  of 
running  water  in  the  valley,  thus  apparently  bearing  out  the  popular 
view  that  "spotted  fever”  is  more  likely  to  develop  during  a rise 
rather  than  a fall  of  the  valley  streams. 

It  is  also  interesting  to  note  that  by  far  the  majority  of  the  cases 
occur  on  the  west  side  of  the  river,  which  is  more  moist  than  the  east; 
that  the  disease  seems  to  be  a disease  of  valleys,  which  are  naturally 
more  moist  than  are  the  plains.  Future  investigations,  therefore, 
have  the  interesting  problem  to  solve  whether  this  concurrence  of 
moisture  with  the  infection  is  of  any  significance  or  is  a mere  coinci- 
dence. The  relation  of  the  moisture  to  the  tick  theory  is  not  apparent 
to  me. 

Taking  the  monthly  maximum  temperature  at  Missoula  in  connec- 
tion with  8S  cases  which  could  be  plotted,  it  was  found  that  the  lowest 
maximum  was  48.1^  F.  (2  cases),  the  highest.  87.6^  F.  (2  cases);  3 
cases  occurred  with  monthly  average  maximum  from  48.1  to  49.6^  F., 
20  cases  with  monthlv  average  maximum  from  54.2  to  58.6°  F..  34 
cases  with  monthly  average  maximum  from  63  to  69°  F.,  26  cases  with 
monthly  average  maximum  from  71.7  to  76.6°  F..  5 cases  with  monthly 
average  maximum  from  80.5  to  87.6°  F. 

For  the  same  88  cases,  the  lowest  monthlv  average  minimum  tern- 
perature  at  Missoula  was  22.2  (1  case),  and  the  highest  average  mini- 
mum, 51.2°  F.  (2  cases).  Four  cases  occurred  with  a monthly  average 
minimum  from  22.2  to  28.5°  F.,  38  occurred  with  a monthly  aver- 
age minimum  from  31  to  38.7°  F..  44  occurred  with  a monthlv  average 
minimum  from  41  to  48.7-  F..  and  2 with  a monthly  average  minimum 
of  51.2°  F. 
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For  the  same  SS  cases  the  lowest  difference  between  the  monthly 
average  maximum  and  minimum  temperature  for  Missoula  was  19.6^  F. 
(2  cases),  the  highest  35.8^  F.  (2  cases);  for  2 cases  there  was  a monthly 
average  dilference  of  19.6^  F ; for  TO  cases  there  was  a monthlv  average 
ditference  from  21.7  to  29.8^  F.,  inclusive;  for  16  cases  there  was  a 
monthly  average  dilference  from  30.1:  to  35.8°  F. 

Thus  a monthlv  average  maximum  of  63  to  73“  F..  inclusive,  obtained 
in  59  out  of  88  cases,  or  67  per  cent  of  the  cases;  a monthh'  average 
minimum  of  37  to  46°  F.,  inclusive,  obtained  in  58  out  of  88  cases,  or 
65.8  per  cent  of  the  cases;  of  88  cases  70  cases,  or  79.5  per  cent, 
occurred  during  an  average  monthlv  difference  of  21.2  to  29.8°  F. 
between  maximum  and  minimum  temperature,  and  55  of  these  cases, 
or  60.2  per  cent  of  the  88  cases,  occurred  during  a monthly  average 
difference  of  25.2  to  29.7°  F.,  inclusive,  between  the  monthly  maximum 
and  monthly  minimum. 

It  would  therefore  appear  that,  so  far  as  can  be  concluded  from  the 
data  at  our  disposal,  there  seems  to  be  some  connection,  either  direct 
or  indirect,  between  the  temperature  of  the  air  and  the  development 
of  cases,  in  that  up  to  a certain  point  an  increase  in  temperature  is 
coincident  with  the  development  of  cases,  while  beyond  that  point  a 
further  increase  in  temperature  seems  not  to  favor  the  appearance  of 
new  cases.  Of  course  an  increase  in  temperature  increases  the  amount 
of  water  resulting  from  the  melting  snow,  but  there  ffnallv  comes  a 
time  when  the  supph’  of  snow  is  greatly  decreased,  hence  a further 
increase  in  temperature  would  not  have  the  same  effects  upon  the 
amount  of  water  in  the  valley. 

Our  data  upon  these  points  are  not  sufficiently  exact  to  permit  of 
positive  conclusions,  but  such  as  the  data  are  they  tend  to  support 
rather  than  to  negative  the  popular  idea  that  the  melting  snow  has 
some  direct  or  indirect  connection  with  the  development  of  cases,  or 
at  least  thev  tend  to  show  that  conditions  which  favor  the  melting  of 
the  snow  also  favor  the  appearance  of  cases  of  spotted  fever. 

Taking  the  amount  of  precipitation,  including  rain,  hail,  sleet,  and 
melted  snow  (not  from  the  mountains),  we  find  that  Id  cases  occurred 
in  six  months  showing  a total  monthly  precipitation  of  0.37  to  0.68; 
50  cases  occurred  in  eleven  months  showing  a total  monthly  precipita- 
tion from  1.02  to  1.98;  3 cases  occurred  in  one  month  showing  a pre- 
cipitation of  2.78:  7 in  a month  showing  precipitation  of  S.Sd,  and  11 
in  2 months  showing  precipitation  of  1.19  and  1.53. 

The  lowest  precipitation  in  any  month  during  which  a case  developed 
was  0.37  (1  case);  the  highest  number  of  cases  in  reference  to  precipi- 
tation were  as  follows:  6 cases,  0.65;  9 cases,  1.2;  9 cases,  l.H;  15 
cases,  1.28:  7 cases,  3.81;  6 cases,  1.19;  8 cases,  1.53. 

From  this  it  is  seen  that  in  general  fewer  cases  have  developed 
during  the  epidemic  months  with  a precipitation  under  1 than  with 


a greater  precipitation,  and  while  the  greatest  number  (15)  developed 
with  a precipitation  of  1.2S.  the  average  stands  as  follows:  2.33  cases 
between  0.37  and  0.6S:  1.5  cases  between  1.02  and  1.9S;  3 cases  at 
2.TS:  7 cases  at  3.81:  7 cases  between  1.19  and  1.53. 

While  these  data  are  too  incomplete  to  permit  of  definite  conclusions, 
still,  such  as  they  are.  they  are  in  harmony  with  the  view  that  cases 
are  more  likely  to  occur  coincident  with  a rising  of  the  streams  than 
with  their  fall. 

CoMPAEisox. — Texas  fever,  in  the  United  States,  occurs  in  summer  and  fall;  hemo- 
globinuria in  the  Danube  region  occurs  usually  in  the  late  spring,  summer,  and  late 
fall.  Carceag  is  reported  for  the  Danube  region,  especially  in  May  and  June.  Canine 
piroplasmosis  prevails  at  the  Cape  chiefly  in  summer  and  autumn,  and  is  reported 
in  Europe  for  April,  September,  and  October. 

IV e should  not  be  led  astray  by  this  comparison  of  months.  The 
life  history  and  seasonal  occurrence  of  ticks  in  difierent  places  might 
vary  according  to  the  species  of  tick  involved  and  according  to  the 
climate. 

AGE  AXD  SEX  OF  PATIEXTS. 

Idaho. — Fairchild  (1896)  says  that  all  classes  and  all  ages  are  affected,  the  rich, 
the  poor,  the  weak,  the  robust,  the  young,  the  old,  males  and  females,  alike.  Bowers 
( 1896)  agrees  that  the  disease  attacks  persons  in  all  conditions  of  life,  but  males  in 
larger  prop)ortion.  According  to  Dubois  (1896,  p.  64)  “spotted  fever”  attacks  per- 
sons of  all  ages,  but  adults  of  both  sexes  are  more  subject  to  infection  than  are 
children.  According  to  Maxey  (1899,  p.  434)  it  is  much  more  fre<;(uent  in  men  on 
accoimt  of  their  exposed  occupations,  and  this  will  explain  also  why  children  are 
rarely,  if  ever,  affected;  the  youngest  case  he  knows  of  was  in  a patient  6 years  old, 
the  oldest  in  a patient  nearly  70  years  of  age. 

Montana. — Gwinn  ( 190i^  i reports  that  in  his  observations  he  has  noted  that  age, 
sex,  and  amount  of  vitality  play  little  or  no  role  in  infection. 

The  first  actual  statistics  concerning  age  and  sex  were  collected  by  Milgon  and 
Chowning  (190:3a,  p.  43),  based  upon  114  cases;  they  conclude  (190:3a,  p.  68;  1904a, 
p.  43  ) that  the  disease  attacks  alike  patients  of  any  age  or  either  sex,  though  those 
whose  occupations  or  pleasures  take  them  to  the  foothills  of  mountains  in  the  spring- 
time are  most  affected;  they  report  one  case  190:3a,  pp.  38,59)  in  a child  2 yeai-s 
old  and  another  p.  32  ' in  a babe  2 days  old;  they  give  a very  interesting  table  of 
114  cases,  and  conclude  that  the  cases  are  too  few  to  warrant  elaborate  conclusions, 
but  that  it  is  probable  that  the  large  number  of  cases  occurring  in  males  ( 36)  of  20 
to  40  years,  and  in  females  ( 25  i of  somewhat  younger  age  (10  to  40),  is  due  to  the 
increased  exposure  to  im’ection  through  occupation  or  pleasure  taking  them  outdoors 
in  the  foothills  and  mountains  in  the  spring  of  the  year. 

Anderson  1903c,  p.  9)  shows  that  of  121  cases  76  were  males  and  45  females,  the 
difference  in  number  in  the  two  sexes  being  probably  due  to  a greater  liability  to 
exposure  on  the  part  of  men  on  account  of  occupation.  He  gives  the  ages  of  15  to 
50  as  being  most  liable  to  infection,  and  reports  18  months  as  the  -youngest  and  74 
years  as  the  oldest  cases  recorded. 

The  Wilson  and  Chowning  table  (1903a.  p.  43)  of  114  oases  was 
increased  bv  them  (1904a.  p.  36)  to  126  cases.  It  is  here  increased  to 
139  cases,  to  contain  the  Bitter  Root  Valley  patients  observed  in 
Aiigust-September.  1903.  and  in  the  1904  outbreak. 
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The  number  of  cases  for  Bridger  and  vicinity  is  not  sufficiently  large 
to  permit  of  comparison  by  age,  but  it  may  be  noted  that  12  were  in 
males  and  5 in  females. 


Age,  years. 

Males. 

Females. 

Both  sexes. 

Com- 
piled by 
Wilsoii 
and 
Chown- 
ing. 

1904a,  p. 
36. 

Addi- 

tional. 

Total. 

Com- 
piled by 
Wilson 
and 

Chown- 

ing, 

1904a,  p. 
36. 

Addi- 

tional. 

Total. 

Total. 

X 

X 

X 

! 

X 

X — 

o 

X c; 

rr 

X 

Deaths. 

-r: 

X 

x! 

X X 

X ^ X 

Deaths. 

X 

X 

Deaths. 

z 

£ 

^ 5 

Z 

Tnelnsive  under  ,S 

8 

4 

8 

4 

50. 0 

5 

5 

116 

6 100.0 

14 

10  71  4 

6 to  10 

6 

1 0 

7 

5 

71.4 

7 

4 

4 57.1 

14 

9 64.2 

11  to  20 

8 

5 

2 2 

10 

7 

70.0 

11 

5 

11 

5 45.4 

21 

12  57. 1 

21  to  30 

17 

13 

2 2 

19 

15 

78.9 

/ 

3 

3 3 10 

6 60.0 

29 

21  72. 4 

31  to  40 

24 

19 

1 1 

25 

20 

80.0 

11 

t 

11 

7 63. 6 

36 

27  75. 0 

41  to  50 

8 

6 

8 

6 

75. 0 

2 

1 

9 

1 50.0 

10 

7 70.0 

51  to  60  

3 

9 

3 

9 

66.6 

9 

1 

9 

1 50.0 

5 

3 60.0 

61  to  80 

4 

4 

1 1 

0 

5 

100.0 

o 

9 

9 

2 100.0 

7 

7 100.0 

Not  stated. 

1 

1 

al  1 

*2 

2 

100.0 

— 

0 

610  1 

0 0 

3 

2 66. 6 

Total 

79 

59 

8 7 

87 

66 

75.  9 

47 

2<S 

5 4 52 

32  61. 5 

139 

98  70. 5 

a Baskerville,  1903.  b Merrick’s  case,  1903. 

This  table,  October  31,  includes  11  additional  cases  for  Bitter  Root  Valley,  1904. 


So  far  as  can  be  judged  from  these  statistics,  the  lethality  of  this 
disease  for  the  Bitter  Boot  Valley  has  been  as  follows: 

Average  of  all  cases,  70.5  per  cent. 

Average  of  all  males,  75.9  per  cent. 

Average  of  all  females,  61.5  per  cent. 

For  females  from  11  to  20  years,  45.4  per  cent. 

For  males  under  5 years,  females  41  to  50  years,  and  51  to  60  years,  50  per  cent. 

For  females  from  6 to  10  years,  and  all  cases  from  11  to  20  years,  57.1  per  cent. 

For  females  from  21  to  30  years,  and  all  cases  51  to  60  years,  60  per  cent. 

For  females  from  31  to  40  years,  63.6  per  cent. 

For  all  cases  from  6 to  10  years,  64.2  per  cent. 

For  males  from  51  to  60  years,  66.6  per  cent. 

For  males  from  11  to  20  years,  and  all  cases  from  41  to  50  years,  70  per  cent. 

For  all  cases  from  21  to  30  years,  72.4  per  cent. 

For  males  from  41  to  50  years,  and  all  cases  31  to  40  years,  75  per  cent. 

For  all  males,  average,  75.7  per  cent. 

For  males  from  21  to  30  years,  78.9  per  cent. 

For  males  from  31  to  40  years,  80  per  cent. 

For  males  from  61  to  80  years,  females  61  to  80  years,  all  cases  61  to  80  years,  and 
females  under  5 years,  100  per  cent. 

Comparison. — In  Texas  fever,  the  disease  attacks  both  sexes,  but  seems  to  be 
more  seldom  in  calves  than  in  adults;  Starcovici  says  that  cows  are  rarely  attacked 
with  hemoglobinuria,  and  that  the  disease  is  unknown  in  calves;  also  that  only 
adult  sheep  are  affected  with  carceag.  According  to  Robertson  (1901,  p.  327), 
canine  piroplasmosis  attacks  both  young  and  old  dogs;  Xocard  and  Motas  (1902, 
p.  275)  found  young  dogs  to  be  much  more  susceptible  than  adults. 


38 


OCCUPATION  OF  PATIENT. 

Idaho. — “Spotted  fever”  is  mostly  confined  to  teamsters,  who  camp  out  during 
the  summer  months  (Figgins,  1896,  p.  64) . Stockmen  in  general,  but  particularly 
sheep  men,  prospectors,  and  miners,  are  special  prey  of  this  disease,  as  their  occupa- 
tions take  them  into  the  mountains.  These  men  are  exposed  to  all  kinds  of  weather 
day  and  night,  sleep  on  damp  ground,  in  damp  beds,  their  meals  are  irregular,  their 
food  is  coarse  and  poorlj^  cooked,  and  proper  personal  cleanliness  seems  to  be  out  of 
the  question  (Maxey,  1899,  p.  434).  Spotted  fever  occurs  among  stockmen,  miners, 
and  other  mountaineers  (Medical  Sentinel,  1899,  p.  456). 

Montana. — Anderson  (1903c,  p.  8)  states  that  all  occupations  that  cause  the  person 
to  he  exposed  to  the  bite  of  ticks,  such  as  stockmen,  and  especially  sheep  herders, 
miners,  prospectors,  lumbermen,  ranchmen,  and  those  whose  duties  take  them  into 
the  brush,  are  subject  to  the  disease. 

Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  12;  1904a,  pp.  34-35)  state  that  the 
population  of  the  Bitter  Boot  Valley  is  made  up  largely  of  fairly  well-to-do  ranchers, 
the  majority  of  whom  have  come  from  Missouri,  Georgia,  and  the  Carolinas.  They 
are,  as  a rule,  cleanly  and  healthy.  The  lumber  industry  is  an  important  one,  and 
many  cases  of  spotted  fever  have  arisen  about  sawmills  and  on  ground  recently 
cleared  of  timber. 

Taking  the  occupations  as  given  by  Wilson  and  Chowning  for  cases  1 
to  121,  and  adding  others  reported  by  Anderson  (1903c)  and  those  col- 
lected for  the  Bitter  Root  Valle}"  by  Ashburn  and  myself,  we  have  the 
following  data: 

Thirty-eight  patients  were  children,  or  boys  and  girls,  as  follows:  4 schoolboys,  4 
schoolgirls;  30  children,  occupation  not  given,  but  probably  most  of  them  lived  on 
farms. 

Twenty-six  patients  were  housewives  or  housekeepers,  probably  the  majority  on 
farms. 

Twenty  patients  were  connected  with  farms,  as  follows:  19  farmers  or  ranchmen, 
1 farmer’s  daughter. 

Sixteen  patients  were  connected  with  the  lumber  industry,  as  follows:  10  lum- 
bermen, 2 lumber  jacks,  1 lumber  cruiser,  1 sawmill  man,  1 business  man,  who  had 
been  at  a sawmill. 

Eleven  patients  are  listed  as  laborers,  but  the  kind  of  labor  is  not  stated. 

Eleven  patients  are  not  listed  relative  to  their  occupation.  Two  patients  are  listed 
as  trappers;  2 patients  are  listed  as  prospectors;  4 patients  are  listed  (1  each)  as 
stonemason,  teamster,  miner,  and  telegraph  operator  (who  was  in  the  valley  on 
other  work  at  the  time. ) 

Two  female  patients  are  listed  (1  each)  as  nurse  and  school-teacher. 

In  this  list  it  is  striking’  that  a very  large  number  of  the  patients 
were  either  on  farms  or  connected  with  the  lumber  industry,  but  it 
should  be  remembered  that  farming  and  lumbering  are  the  chief  occu- 
pations in  the  valley;  hence,  other  things  being  equal,  these  occupa- 
tions would  be  expected  to  furnish  a large  percentage  of  the  patients. 
In  Gates’s  statistics  the  following  occupations  are  given : 

Four  children  (2  boys,  2 girls),  1 housewife,  6 ranchmen,  1 sheep  herder,  1 stock- 
man,  1 trapper,  1 freighter,  1 nurse. 
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TYPES  OF  CASES. 

Idaho. — The  type  of  the  disease  which  appears  in  Idaho,  as  described  by  Doctor 
Maxey,~is  apparently  very  much  milder  than  that  of  the  severe  form  appearing  in 
Montana,  though  all  cases  show  the  peculiar  eruption,  (Wilson  and  Chowning, 
1902a,  p.  182;  1903a,  p.  44;  1904a,  p.  37.) 

Montana. — Gwinn  (1902)  divides  the  cases  into  mild,  medium,  and  most  severe. 

Most  physicians  in  the  Bitter  Root  Valley  who  have  had  experience  with  the  dis- 
ease recognize  but  one  type — a severe  and  usually  fatal  form— the  principal  diagnos- 
tic feature  of  which  is  the  “spots.”  Several  physicians  recognize  a mild  type  in 
which  there  are  no  “spots.”  There  is  much  difficulty  in  the  accurate  diagnosis  of 
the  mild  type  and,  though  its  existence  must  be  recognized,  yet  during  the  investi- 
gations herewith  reported  all  of  the  examinations  except  1 w^ere  made  on  cases  of 
the  severe  type.  (Wilson  and  Chowning,  1902a,  p.  132;  1903a,  p.  44;  1904a,  p.  36.) 

Some  of  the  physicians  in  the  Bitter  Root  Valley  speak  of  cases  of  “local  infec- 
tion” with  “spotted  fever.”  Wilson  and  Chowning  (1903a,  p.  61)  report  one  such 
case,  but  do  not  include  it  in  their  statistics.  I am  unable  at  present  to  admit  these 
cases.  (See  Stiles,  1905,  pp.  14-15). 

Comparison  : 

Smith  and  Kilborne  (1893,  p.  15)  describe  for  Texas  fever  two  types,  an  acute 
fatal  type  and  a mild,  rather  prolonged,  usually  nonfatal  type. 

For  canine  piroplasmosis,  acute  and  chronic  types  are  described. 

SYMPTOMATOLOGY. 

The  symptomatology  of  the  disease  under  consideration  has  been 
discussed  by  Wood  (1890),  Maxey  (1899),  McCullough  (1902),  Gwinn 
(1902),  Wilson  and  Chowning  (1902,  1903, 1904),  Anderson  (1903),  and 
Gates  (1903).  Wood  and  Maxe}"  have  described  the  s^miptoms  as  the\" 
are  observed  in  Idaho  and  the  other  authors  as  they  are  observed  in 
Montana,  As  no  one  has  as  yet  brought  all  these  observations 
together  it  may  be  well  to  do  so  at  this  time  in  connection  with  the 
symptoms  observed  in  Montana  in  1904. 

As  stated  in  the  introduction  (see  above,  p.  10),  my  trip  did  not 
contemplate  a study  of  s}unptomatolog3G  but  it  naturall}^  became  nec- 
essary for  me  to  familiarize  myself  more  or  less  with  this  phase  of  the 
subject. 

The  symptoms  are  quite  well  marked  and  very  constant  (Maxey,  1899,  p.  435). 

All  symptoms  and  lesions  indicate  that  the  disease  is  due  to  a specific  infection 
(Wilson  and  Chowning,  1903a,  p.  68;  1904a,  p.  43). 

Previous  Condition  op  Patient. 

Idaho. — Bowers  (1896,  p.  63)  refers  to  exposure  to  cold,  drafts,  and  dampness  as 
auxiliary  causes. 

Montana. — Gwinn  (1902)  says  that  at  least  90  per  cent  of  the  cases  give  a history 
of  having  been  exposed  to  wet  or  cold,  or  both,  from  one-half  to  three  days  prior  to 
the  attack;  and  although  the  exposure  and  constipation  are  so  constant  a feature  as 
to  be  apparently  operative  in  the  cause,  yet  little  stress  can  be  laid  upon  them  from 
the  fact  that  they  do  not  have  such  effect  at  other  times  of  the  year  or  in  other 
localities.  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  43;  1904a,  p.  35)  say  that 
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the  age  and  sex  and  general  health  of  the  patient  appear  to  have  no  part  in  deter- 
mining susceptibility  to  the  disease;  a large  number  of  cases  give  a history  of  recent 
exposure  to  wet  or  cold  or  of  overexertion  shortly  before  the  attack,  but  in  several 
cases  all  such  history  has  been  absolutely  excluded;  many  of  the  patients  have  suf- 
fered somewhat  from  indigestion  and  constipation  immediately  prior  to  the  attack, 
in  others  no  such  condition  existed. 

Peeiod  of  Incubation. 

Idaho. — The  period  of  incubation  is  uncertain,  probably  10  to  21  days  (Bowers, 
1896,  p.  63) . 

Montana. — Gwinn  (1902)  says  that  in  so  far  as  exposure  to  wet  and  cold  may  be  a 
cause,  the  onset  is  on  an  average  of  18  hours  after  exposure.  Anderson  (1903a,  p. 
21 ) gives  the  incubation  as  3 to  10  days,  usually  about  7.  Wilson  and  Chowning 
(1904a,  p.  37),  arguing  on  the  theory  of  transmission  by  ticks,  state  that  though  all 
cases  occurring  in  1902  and  1903  gave  a history  of  tick  bites  (see,  however,  p.  30) 
shortly  before  the  onset  of  the  symptoms,  only  the  following  cases  gave  a clear  history 
of  a definite  incubation  period : 


Days. 

Cases  94,  97, 117, 124, 125  2 

Case  96 - 3 

Case  119 5 

Case  116 6 

Case  112 7 

Case  115 8 

Cases  120, 121 2 to  5 


Several  of  the  cases  which  occurred  in  1904  give  points  of  com- 
parison upon  the  period  of  incubation. 

Arguing  on  the  tick  hypothesis,  it  ma}"  be  noted  that: 

1904.,  case  2 was  bitten  by  ticks  April  24,  and  fever  was  noticed  the  following  day. 

1904,  case  8 was  bitten  by  ticks  May  15,  and  was  taken  sick  the  following  day. 

1904,  Gates's  case  15  started  for  Clarke  Fork  Canyon  May  29,  remaining  in  that 
vicinity  about  4 days,  during  which  time  he  was  bitten  by  ticks  in  five  or  six  places; 
he  showed  first  symptoms  7 days  after  first  tick  bite. 

1904,  Gates’s  case  16  showed  symptoms  5 days  after  tick  bite. 

Not  arguing  on  the  tick  hypothesis,  it  may  be  noted  that — 

1904,  case  3 moved  in  January  to  house  in  which  she  was  taken  sick  on  ]\Iay  3, 
making  a maximum  of  about  4 months  in  the  infected  locality  before  she  became  ill. 

1904,  case  10  left  Iowa  6 weeks  prior  to  onset,  5 of  these  6 weeks  being  spent  in 
Bozeman,  Mont. ; thus  this  patient  was  in  Montana  a maximum  of  6 weeks  prior 
to  illness. 

1904,  case  11  had  been  in  the  United  States  4 weeks,  in  the  Bitter  Boot  Valley  19 
days,  and  at  the  house  where  she  was  taken  ill  14  days  prior  to  onset  of  the 
disease. 

1904,  Gates’s  case  15  was  taken  ill  about  7 days  after  he  visited  the  locality  in  which 
infection  is  supposed  to  have  taken  place;  and 

1904,  Gates’s  case  16  was  taken  ill  6 days  after  sleeping  with  a case  (15)  in  its  initial 
stage. 

These  data  would  indicate  that  either  upon  basis  of  the  tick  hy- 
pothesis or  upon  basis  of  infection  by  some  other  unknown  method, 
the  disease  may  develop  within  6 days  after  exposure;  the  maximum 
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and  minimum  time  between  exposure  and  onset  can  not  be  well 
established  from  the  data  now  at  our  disposal. 

Arguing’  upon  the  tick  hypothesis  it  would  seem  that  the  disease 
might  develop  within  a day  after  exposure. 

Comparison. — Smith  and  Kilborne  (1893,  p.  15)  point  out  that  the  term  “period  of 
incubation”  is  used  in  two  different  senses -in  connection  with  Texas  fever.  In 
experimental  cases  of  Texas  fever  it  is  6 to  10  days  after  the  cattle  are  inoculated 
with  Texas  fever  blood,  the  time  depending  on  the  number  of  parasites  originally 
introduced,  the  predisposition  and  age  of  the  animals,  and  the  season  of  the  year. 
Starcovici  gives  about  14  days  as  incubation  period  for  hemoglobinuria,  and  “about 
8 days  (?)”  for  carceag.  For  canine  piroplasmosis  the  period  is  given  as  10  days 
from  the  date  of  visiting  a tick  belt  (Robertson);  Xuttall  found  it  to  be  13  to  21 
days  in  dogs  bitten  experimentally  by  ticks;  upon  subcutaneous  injection  the  period 
varies  from  3 to  10  days. 

Onset. 

Idaho. — During  incubation  there  is  a slight  headache  and  a feeling  of  lassitude 
and  inaptitude  for  work;  during  the  first  week  following  this  period  the  patient 
complains  of  chilly  feelings,  nausea,  loss  of  appetite,  intense  headache,  pain  in  the 
back  and  legs,  a muscular  soreness  and  stiffness  of  the  entire  body,  and  he  takes  to 
bed  with  a temperature  of  102°  to  105°  F.,  pulse  90  to  120  (Bowers,  1896,  p.  63). 
According  to  Collister  (1896,  p.  63)  many  cases  are  taken  suddenly  without  previous 
malaise,  some  with  a severe  chill  and  others  with  more  or  less  chilly  shudderings 
frequently  referred  to  the  spinal  regions;  still  others  have  little  or  no  chill.  Dubois 
(1896,  p.  64)  says  that  there  is  usually  no  prodromal  stage  and  a patient  is  stricken 
down  without  warning  with  severe  frontal  headache,  photophobia,  nausea,  lassitude, 
persistent  anorexia,  and  intensely  severe  pains  in  joints  and  muscles.  According  to 
Fairchild  (1896,  p.  62)  the  attack  is  sometimes  ushered  in  by  a chill,  but  usually  by 
two  or  three  days  of  malaise,  with  severe  headache,  particularly  in  the  back  part; 
also  shooting  pains  throughout  the  body  and  limbs,  usually  more  severe  in  the 
bowels  and  back;  the  pain  is  neuralgic  in  type.  Figgins  (1896,  p.  64)  states  that  the 
disease  begins  with  a chill,  pains  in  the  extremities,  muscular  soreness,  and  fever, 
the  temperature  ranging  from  100°  to  105°  F.,  pulse  100  to  120.  Springer  (1896, 
p.  61)  says  there  is  a feeling  of  malaise  for  a few  days,  followed  by  a chill;  the  fever 
then  sets  in,  ranging  from  103°  to  105°  F.  According  to  Sweet  (1896,  p.  61)  the 
onset  is  usually  accompanied  by  severe  break-bone  pains.  According  to  Zipf  (1896, 
p.  65)  the  onset  is  suddeUj  with  high  fever,  violent  headache,  coated  tongue,  back- 
ache, and  flushed  face.  Maxey  (1899,  p.  435)  states  that  the  patient  first  notices  a 
general  malaise,  loss  of  appetite,  and  flashes  of  heat  and  cold,  but  no  marked  chill; 
the  bones  and  muscles  soon  begin  to  ache,  and  by  the  second  day  the  patient  feels 
sick  enough  to  take  to  his  bed;  he  already  feels  very  weak  and  depressed,  and  pains 
in  the  back,  in  the  joints  and  muscles  of  the  extremities,  and  in  the  head  become 
quite  severe;  the  bowels  are  constipated. 

Montana. — In  a few  cases  the  disease  seems  to  be  preceded  by  a prodromal  period 
of  malaise  for  a few  days;  the  attack  comes  on  by  either  a well-marked  chill  or  chil- 
liness, simultaneous  with  fever,  general  aching  and  soreness  of  the  entire  body,  and 
a flushed  dusky  red  color  of  the  skin.  The  chilliness,  although  most  severe  at  the 
onset,  often  continues  more  or  less  throughout  the  attack,  coming  on  at  intervals — 
generally  mornings — and  becoming  lighter  day  after  day  until  within  a week  or  so  the 
chills  seem  but  little  more  than  chilliness  from  light  covering  (Gwinn,  1902) . 

According  to  McCullough  (1902,  p.  226),  the  onset  may  be  marked  by  a sudden 
and  severe  chill  and  dizziness,  with  high  fever  following,  associated  with  intense 
soreness  seemingly  of  the  entire  muscles  of  the  body,  or  it  may  come  on  insidiously. 
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a feeling  of  malaise  for  a few  days,  gradually  growing  worse  and  merging  into  a well- 
defined  “ bone  ache”  and  slight  chilly  sensations,  mostly  in  the  morning. 

Wilson  and  Chowning  (1902a,  p.  132)  say  that  many  of  the  cases  are  preceded  by 
a short  period  of  malaise;  this  is  followed  by  a marked  chill,  which  is  usually  most 
severe  at  the  beginning  of  the  attack  and  recurs  at  irregular  intervals,  though  with 
decreasing  severity;  at  the  onset  there  is  a severe  aching  in  the  bones  and  muscles, 
with  pain  in  the  back  and  joints;  the  patient  is  usually  very  weak  and  the  headache 
may  be  severe;  constipation  at  this  period  is  usually  present;  there  is  considerable 
restlessness;  a bronchial  cough  is  frequently  present;  the  urine  is  small  in  amount 
and  highly  colored;  albumen  is  sometimes  present;  the  skin  is  dry  and  the  tongue, 
even  at  the  onset,  is  thickly  coated;  the  coat  at  first  is  white,  but  it  becomes  brownish 
as  the  fever  increases,  while  the  tongue  becomes  dry  and  cracked;  sordes  appear 
early,  and  may  be  quite  pronounced;  indeed,  the  whole  facies  in  these  respects  is 
like  typhoid.  Wilson  and  Chowning  (1904a,  p.  37)  also  report  that  cases  Xos.  94, 
96,  97,  115,  116,  117,  119,  and  120  gave  a history  of  soreness  about  the  tick  bite  and 
pains  radiating  therefrom  which  continued  until  the  initial  chill. 

According  to  Anderson  (1903a,  p.  50;  1903c,  p.  21),  the  patient  may  have  chilly 
, sensations,  malaise,  and  nausea  for  a few  days,  then  there  is  a distinct  chill,  and  the 
person  takes  to  l^ed;  there  is  some  pain  in  the  back  and  head,  soreness  of  the 
miLscles  and  bones,  causing  a sensation  as  if  the  limbs  were  in  a vise;  bowels  con- 
stipated; tongue  with  heavy  white  coat,  red  edge  and  tip;  conjunctiv£e  congested, 
becoming  yellowish;  urine  usually  small  in  amount,  with  albumen  and  a few  casts; 
slight  bronchitis  after  a few  days;  nose  bleed,  sometimes  quite  severe,  is  always 
present.  In  case  74  (1903a,  p.  15)  the  symptoms  were  about  three  days  in  reaching 
their  height. 

Comparison. — In  Texas  fever  the  fever  usually  precedes  the  outward  symptoms 
by  .several  days;  pulse  and  respiration  ri.se  with  the  temperature;  loss  of  appetite 
always,  and  cessation  of  rumination  usually  accompany  the  high  fever  after  the 
third  or  fourth  day. 

Hemoglobinuria  begins  with  exhaustion,  loss  of  appetite,  and  fever;  carceag  with 
chill,  exhaustion,  and  fever.  Canine  piroplasmosis  is  ushered  in  by  a fever  and  loss 
of  appetite,  followed  by  increasing  prostration,  ending  in  complete  helplessness. 

Duration. 

Idaho. — The  period  of  incubation  is  uncertain,  probably  10  to  21  days;  from  the 
appearance  of  prodromal  symptoms  until  convalescence,  12  to  20  days;  average  period 
of  convalescence,  1 month,  very  infrequently  several  months;  in  1 case,  2 years  elapsed 
before  sunlight  was  borne  without  intense  cephalalgia  (Bowers,  1896,  p.  63).  Accord- 
ing to  Figgins  (1896,  p.  64)  the  duration  is  14  to  42  days,  the  eruption  showing  for  4 
or  5 months  after  the  patient  is  up  and  around,  especially  when  subject  to  heat  or 
physical  exercise.  Fairchild  (1896,  p.  62)  gives  the  duration  as  14  to  28  days.  Springer 
(1896,  p.  61)  reports  duration  as  2 to  3 weeks.  Sweet  (1896,  p.  61)  states  that  the 
duration  is  3 weeks  to  3 or  4 months,  i.  e.,  although  the  fever  may  not  last  longer  than 
21  days,  the  lesions  may  continue  for  months.  The  disease  usually  terminates  in 
course  of  2 or  3 weeks  by  lysis,  usually  in  recovery  (Medical  Sentinel,  1899,  p.  457). 

Montana. — Gwinn  (1902)  reports  that  one  case  persisted  3 months  before  recovery. 

Gates  (1905)  reports  convalescence  in  14  of  his  17  cases  as  follows: 
In  a few  days,  1 case;  10  days,  1 case;  12  days,  2 cases;  14  days,  1 case; 
15  days,  1 case;  18  days,  1 case;  20  days,  1 case;  21  days,  1 case;  22 
days,  2 cases;  about  25  days,  1 caae;  28  days,  1 case;  not  given,  1 case. 
See  also  Deaths,  page  89. 

In  the  2 Bitter  Boot  Valle}’  recovery  cases  of  1904  1 (Xo.  4)  was 
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taken  sick  about  May  8 and  was  able  to  sit  up  May  21.  thus  giving  a 
duration  of  13  days  from  onset  to  convalescence;  1 (Xo.  10)  noticed 
first  symptoms  June  2 and  was  discharged  from  the  hospital  June  IT, 
giving  a duration  of  15  days. 

CoMPARisox. — Extremely  acute  cases  of  canine  piroplasmosis  may  last  only  24 
hours,  but  it  appears  more  often  to  last  3 to  6 days;  subacute  cases  last  about  10  days; 
chronic  cases,  21  to  62  days.  Starcovici  states  that  in  hemoglobinuria  the  fever  lasts 
about  5 days.  In  Texas  fever  the  continuous  high  temperature  rarely  lasts  longer 
than  8 to  10  days. 

Epidemic  Character. 

Under  the  heading  ‘‘Seasonal  distribution'’  (p.  32)  it  is  shown  that 
spotted  fever  occurs  chiefly  during  the  spring  months  and  in  certain 
localities,  and  on  page  44  it  is  shown  that  all  authors  agree  that  it  is 
not  contagious.  The  question  naturalU  arises  as  to  the  distribution  of 
cases  b}"  families. 

Idaho. — Bowers  (1896,  p.  63)  states  that  spotted  fever  occurs  sporadically.  Fig- 
gins  (1896,  p.  64)  says  that  he  has  seen  it  in  families  who  used  water  from  springs 
and  where  the  entire  family  had  the  disease.  In  the  experience  of  Fairchild  (1896) 
the  cases  have  been  sporadic,  and  it  is  exceptional  to  find  more  than  1 or  2 cases  in 
the  same  house.  Sweet  (1896),  however,  says  that  frequently  several  cases  occur  in 
a household,  again  only  a single  case.  This  latter  fact  is  often  due  to  the  patient’s 
returning  home  ill  after  sojourning  in  another  place  up  to  the  malaise. 

.Vontana. — It  is  common  for  quite  a number  of  the  patients  to  come  down  with  the 
disease  near  the  same  time;  then  perhaps  there  will  be  a respite  for  a week  or  ten 
days,  when  there  will  be  a number  of  other  almost  simultaneous  attacks  in  the 
neighborhood.  If  upon  further  investigation  this  proves  true  it  may  be  significant 
in  detecting  the  cause.  (Gwinn,  1902.) 

According  to  IVilson  andChowning  (1903a,  p.  68;  1904a,  p.  43),  in  no  instance  have 
two  or  more  persons  with  the  same  food  or  water  supply  been  simultaneously  stricken 
with  the  disease. 

In  no  instance  which  Ashburn  and  I saw  personally  was  there  more 
than  one  patient  in  the  same  house,  but  the  following  cases  are  inter- 
esting, and  possibly  important,  in  this  connection: 

Cases  45  and  46  (Doctor  Gwinn’s  patients  in  1899)  were  two  chil- 
dren, 3 and  5 }^ears  old,  respectively  (Wilson  and  Chowning,  1903a, 
p.  34).  Gwinn  writes  me  that  he  believes  some  confusion  has  arisen 
in  connection  with  the  dates  of  these  two  cases. 

Cases  113  and  114  (Doctor  Heine’s  patients  at  Butte  in  1893)  were 
husband  and  wife  (Anderson,  1903c,  p.  16).  They  were  living  together, 
and  one  was  taken  sick  ten  day’s  later  than  the  other. 

In  1903  there  occurred  3 cases  (father  and  two  sons)  of  illness  in  the 
family’  of  A.  M..  on  Lo  Lo  Creek.  None  of  these  cases  is  reported 
either  by  Wilson  and  Chowning  or  by  Anderson: 

One  boy  was  sick  with  a disease  which  his  mother  supposed  was  “spotted  fever.” 
His  father  went  to  town  to  obtain  medicine  for  the  boy,  and  encountering  a storm  he 
became  thoroughly  “wet  through.”  The  father  was  then  taken  sick  and  was  seen 
at  the  hotel  in  Missoula  by  Doctors  Gwinn  and  Wilson.  Doctor  Gwinn  informs  me 
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that  the  father’s  case  was  one  of  spotted  fever.  A second  son  was  also  taken  sick, 
according  to  his  mother,  also  with  “ spotted  fever.”  In  case  these  patients  all  had 
‘‘  spotted  fever,”  we  here  have  an  instance  in  which  3 cases  occurred  in  one  and  the 
same  family  during  the  same  spring,  all  the  patients  living  in  the  same  room  in  a 
cabin  and  at  least  two  of  the  patients  being  sick  at  the  same  time.  It  must,  how- 
ever, be  recalled  that  although  I have  the  mother’s  statement  to  the  effect  that  ail 
three  had  “spotted  fever,”  and  although  this  diagnosis  is  accepted  as  correct  by  the 
neighbors,  we  have  a physician’s  opinion  in  regard  to  only  one  of  the  cases. 

Not  far  from  the  farm  on  which  these  cases  occurred  is  the  house 
in  which  (1904)  case  5 occurred.  Ashburn  and  I visited  this  house 
and  obtained  the  information  that  at  least  one  other  case  of  “ spotted 
fever,”  and  possibl}"  still  a third  case,  had  occurred  in  this  same  house, 
but  the  3 cases  were  not  simultaneous,  and  onh"  1 of  them  occurred 
in  1904. 

On  page  23  (see  above)  mention  is  made  of  a husband  and  wife  who 
both  had  spotted  fever  at  the  same  time  (1900)  in  Boise.  Doctor 
Bradbury  writes  me  that  the  wife  was  taken  ill  at  10  a.  m.  and  the 
husband  was  taken  ill  at  5 p.  m.,  the  same  day. 

Gates  (1905,  p.  112)  reports  two  cases  (15  and  16)  in  husband  and 
wife,  in  1904;  the  wife  was  taken  ill  about  6 da}"s  later  than  the 
husband. 

CoMPAKisoN. — Texas  fever  appears  suddenly  and,  as  a rule,  at  about  the  same  time 
in  all  animals,  of  a herd  which  have  been  exposed  to  the  same  infection  together. 
In  hemoglobinuria  all  of  the  cases  of  disease  last  in  a given  place  scarcely  longer  than 
14  days,  then  the  outbreak  disappears. 

Is  “Spotted  Fever”  Contagious? 

Idaho. — The  disease  is  not  contagious  (Bowers,  1896,  p.  62;  Sweet,  1896;  Maxey, 
1899,  p.  433;  Medical  Sentinel,  1899,  p.  457). 

Montana. — Authors  writing  for  Montana  admit  that  there  is  no  evidence. that  the 
disease  is  contagious  (McCullough,  1902,  p.  225;  Gwinn,  1902;  Wilson  and  Chowning, 
1902a,  1903a,  1904a;  Anderson,  1903a,  c).  AVilson  and  Chowning  (1903a,  p.  68; 
1904a,  p.  43)  state  that  there  is  not  even  a suspicion  [see,  however,  above,  p.  23]  of 
its  ever  having  been  transferred  directly  from  one  human  being  to  another,  except 
in  one  instance,  in  which  an  infant  (case  No.  17),  born  while  the  mother  was  suf- 
fering from  the  disease,  developed  marked  purpura  on  the  second  day  after  birth. 
This  child  (case  No.  17)  was  born  4 days  before  the  death  of  the  mother;  early  on 
the  second  morning  after  birth  the  physician’s  (Doctor  Coughenour)  attention  was 
called  to  the  child’s  fever  and  jaundiced  appearance;  the  babe  had  but  few  spots  and 
began  to  recover  on  the  ninth  or  tenth  day  of  his  sickness  (Wilson  and  Chowning, 
1903a,  p.  33;  Anderson,  1903c,  p.  13). 

Regardingthe  noncontagious  character  of  ‘‘spotted  fever,”  all  infor- 
mation which  Ashburn  and  I obtained  in  the  Bitter  Root  Valley,  as 
well  as  our  own  personal  experience,  are  in  accord  with  the  generall}’^ 
accepted  view.  See,  however,  the  discussion  on  page  23,  which  seems 
to  open  up  the  question  as  to  whether  the  malad}"  is  not  contagious 
under  some  circumstances. 

Comparison. — None  of  the  known  piroplasmatic  diseases  are  directly  contagious, 
but  they  must  first  pass  through  a tick,  between  two  successive  patients. 
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Position  in  Bed. 

Owing  to  the  muscular  and  articular  soreness,  the  patients  lie  in  a position  of 
general  flexion  for  hours  without  moving  (Bowers,  1896,  p.  64). 

See  also  Eestlessness,  page  75. 

Odor. 

There  is  a peculiar  urinous  odor  to  many  of  the  patients,  even  when 
the  greatest  care  and  cleanliness  are  exercised  in  nursing  them.  This 
odor  was  especially  marked  in  1904  in  cases  2,  3,  T,  and  11. 

In  case  12,  upon  removing  the  clothing,  the  odor  of  the  body  led  the 
physician  to  ask  the  patient  whether  he  had  ever  had  measles,  to 
which  he  replied  in  the  affirmative. 

Skin. 

GENERAL  CONDITION. 

Idaho. — During  the  first  week  the  skin  is  usually  dry,  later  it  is  somewhat  moist, 
and  night  sweats  are  common  during  the  third  week  (Bowers,  1896,  p.  63).  Collister 
states  that  the  skin  shows  no  abnormal  appearances.  According  to  Figgins  (1896, 
p.  64)  it  is  swollen  and  sensitive  to  the  touch.  Maxey  (1899,  p.  435)  describes  the 
skin  as  dry  and  harsh. 

Montana. — Gwinn  (1902)  speaks  of  the  flushed,  dusky-red  color  of  the  skin;  if 
' it  is  pressed  while  in  a congested  condition,  it  appears  blanched  upon  removal  of 
the  fingers  and  is  much  slower  in  regaining  its  color  than  in  health;  this  fact  being 
true,  in  spite  of  the  strong  pulse,  leads  Gwinn  to  believe  that  the  blood  current  is 
obstructed  in  the  capillaries,  and  this  belief  is  supported  also  by  the  nature  of  the 
eruption,  the  oft-occurring  gangrene,  and  the  really  thick  unoxygenated  blood; 
whether  this  obstruction  be  due  to  changes  or  to  alteration  in  the  blood  is  hard  to 
determine,  but  Gwinn  inclines  to  the  latter  explanation;  in  addition  to  the  eruption, 
the  skin  takes  on  a congested,  jaundiced  color;  the  congested  and  c*3’anotic  condition 
of  the  skin  causes  a bloated,  stupid  expression  of  the  face  in  most  cases,  which  is  a 
very  diagnostic  symptom.  Gwinn  also  states  that  at  the  beginning  of  the  second 
week  there  ma\"  be  noticed  a glazed  appearance  of  the  skin  which,  upon  close  exami- 
nation, is  found  to  be  due  to  epithelium  coating;  it  begins  to  scale  up  and  shed  off 
at  the  beginning  of  the  third  week. 

Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37)  describe  the  skin 
as  dry;  there  is  a peculiar  ashy  paleness  present,  more  readily  observed  in  children 
and  women,  a few  days  before  death  (1902a,  p.  132;  1903a,  p.  63;  1904a,  p.  38);  about 
the  second  week,  ordinarily,  the  skin  presents  a glazed  appearance. 

Anderson  (1903a,  p.  33)  speaks  of  the  lividit}^  on  dependent  portions  of  skin  and 
thighs  (case  120);  he  also  refers  (1903c,  p.  38)  to  a marbled  appearance  of  the  skin. 

Gates  (1903,  p.  48)  reports  hot  and  dry  skin  in  one  case;  he  later  (1905,  p.  Ill) 
reports  the  skin  as  verj'  dr\'  in  an  additional  case  (1903,  case  11). 

SPOTS. 

LOCATION. 

Idaho. — The  spots  first  appear  about  the  ankles  and  wrists,  and  b}^  the  end  of  the 
first  week  they  have  extended  over  the  entire  body.  (Bowers,  1896,  p.  63. ) Accord- 
ing to  Collister  (1896,  p.  63)  they  first  appear  on  the  feet  and  from  there  spread  over 
the  body.  Dubois  (1896,  p.  64)  states  that  they  first  ap^Dear  on  the  palms  of  the 
hands  and  extend  from  there  over  the  body.  Fairchild  ( 1896)  reports  that  thej^  first 
are  seen  on  the  legs  and  arms,  and  soon  cover  the  whole  body.  Fairchild  (1896)  says 
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that  the  eruption,  in  many  cases,  invades  the  eyes,  making  them  very  sensitive  to 
light.  According  to  Figgins  (1896,  p.  64)  the  spots  first  affect  the  face  and  hands, 
then  the  trunk,  and,  finally,  the  extremities.  Maxey  (1899,  p.  436)  states  that  the 
eruption  first  shows  itself  on  the  wrists  and  ankles,  next  on  the  forehead  and  chest, 
and  in  24  to  36  hours  spreads  over  the  entire  surface  of  the  body;  even  the  palms  of 
the  hands,  soles  of  the  feet,  and  the  scalp  are  spotted. 

Montana. — The  spots  are  first  discernible  on  the  back,  requiring  about  24  hours  to 
appear  over  the  remainder  of  the  body.  (Gwinn,  1892. ) McCullough  says  that  they 
first  appear  more  frequently  upon  the  back,  or  simultaneously  with  ankles  or  wrists, 
and  extend  over  the  entire  body. 

According  to  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  38)  the 
eruption  appears  first  about  the  wrist  and  ankles  or  back.  It  then  extends  over  the 
entire  body,  the  abdomen  usually  being  last  involved.  Sometimes  it  spreads  very  rap- 
idly, the  entire  surface  being  covered  in  12  hours,  but  more  usually  one  or  two  days 
pass  before  it  reaches  the  maximum.  The  scalp,  palms  of  the  hands,  and  soles  of  the 
feet  are  frequently  covered  with  the  rash.  Occasionally,  though  perhaps  rarely,  pur- 
plish spots  are  found  on  the  mucous  membrane  of  the  inside  of  the  cheeks. 

Anderson  (1903c,  pp.  22,  38,  39)  states  that  the  spots  appear  first  on  the  wrists  and 
ankles,  then  on  the  arms,  legs,  forehead,  back,  chest,  and,  last  and  least,  on  the 
abdomen.  They  are  never  abundant  on  the  abdomen,  but  other  portions  of  the  body 
are  in  some  cases  literally  covered  by  the  eruption.  They  are  most  abundant  on  the 
wrists,  ankles,  arms,  and  back  (post-mortem).  The  abundance  of  the  spots  apparently 
bears  no  relation  to  the  severity  of  the  attack. 

Gates  (1903,  p.  49)  records  a case  where  the  spots  first  appeared  on  the  buttocks, 
back,  and  thighs;  the  face  was  only  slightly  affected;  and  another  case  in  which  the 
spots  appeared  on  the  forehead,  back  of  hands,  wrists,  and  ankles.  Later  he  (1905, 
p.  Ill)  reports  for  his  case  11  that  the  spots  first  appeared  on  the  palms  of  the  hands 
and  on  the  feet,  and  they  invaded  the  scalp  in  this  case.  In  case  15  the  spots  appeared 
first  on  feet  and  hands.  In  case  16  they  appeared  first  on  feet,  ankles,  hands,  and 
wrists. 

TIME  OF  APPEARANCE. 

Idaho. — The  eruption  appears  during  the  fii*st  week  about  the  fourth  or  fifth  day  of 
the  attack  (Bowers,  1896,  p.  65)  and  matures  during  the  second  week.  Accordi  g 
to  Dubois  (1896,  p.  64)  it  appears  early,  within  48  to  72  hours.  Fairchild  (1896) 
reports  its  appearance  about  the  third  or  fourth  day;  Figgins  (1896,  p.  64)  from  the 
third  to  the  fifth  day;  Springer  (1896,  p.  61)  from  the  second  to  the  fifth  day;  S^yeet 
(1896)  says  the  eruption  appears  within  1 to  3 days;  Maxey  (1899,  p.  436)  says  the 
spots  appear  on  the  third  to  the  seventh  day  of  the  fever. 

Montana. — The  spots  usually  appear  about  3 days  after  the  beginning  of  the  sick- 
ness, but  a few  cases  show  no  eruption  until  late,  or  a few  hours  before  death  (Gwinn, 
1902).  According  to  McCullough  (1902,  p.  226)  they  usually  appear  upon  the  third 
to  the  sixth  day.  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37-38) 
give  more  exact  statistics  on  this  subject;  in  their  last  summary  (1904a)  they  say  that 
the  eruption  usually  begins  from  the  second  to  the  fifth  day  after  the  chill;  in  126  cases 
collated,  the  eruption  appeared  on  the  second  day  in  11  cases,  on  the  third  in  65,  on 
the  fourth  in  22,  on  the  fifth  in  7,  on  the  sixth  in  3,  on  the  seventh  in  2,  on  the 
eighth  in  2 (both  doubtful),  on  the  ninth  in  2,  and  on  unknown  dates  in  12  cases. 
Anderson  (1903a,  p.  507;  1903c,  p.  22)  says  that  the  spots  usually  appear  on  the 
third  day. 

Gates  (1905,  p.  114)  report.s  the  eruption  as  appearing*  on  tne  second 
or  third  day  in  1 case,  third  da}^  in  1 case,  third  or  fourth  day  in  1 
case,  fourth  day  in  5 cases,  fifth  day  in  3 cases,  sixth  day  in  1 case;  no 
record  in  5 cases. 
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In  the  Bitter  Root  Valley  cases  of  1904  the  spots  were  first  noticed  2 
days  after  the  first  chill  in  1 case,  2 days  after  initial  ferer  in  1 case, 
third  da}'  after  first  chill  in  1 case,  fourth  day  after  chill  in  3 cases, 
fourth  day  after  initial  symptoms  in  1 case,  record  incomplete  in 
remaining  cases. 

DURATION'. 

Idaho. — Bowers  (1896)  says  that  the  spots  reach  the  stage  of  absorption  and  des- 
quamation in  8 to  21  days.  They  disappear  slowly  during  the  period  of  absorption, 
which  is  very  variable — a few  weeks  to  several  months.  After  Collister  (1896,  p.  63), 
they  can  be  seen  for  weeks,  sometimes  for  months,  after  recovery,  especially  if  the 
patient  becomes  a little  chilly.  Dubois  (1896,  p.  64)  says  that  they  fade  slowly  and 
maybe  discerned  weeks  after  convalescence  has  set  in.  Fairchild  (1896)  reports 
that  the  eruption  continues  throughout  the  disease  or  until  convalescence  is  fairly 
established,  when  it  gradually  fades.  AVhen  exposed  to  cold  the  remains  of  the 
spots  can  be  seen  for  months  after  complete  recovery.  Springer  (1896,  p.  61)  agrees 
that  the  eruption  continues  throughout  the  attack.  It  is  faintly  visible  often  for 
many  weeks,  and  is  visible  even  after  convalescence,  especially  if  the  surface  becomes 
chilled;  there  is  considerable  irregularity  regarding  its  disappearance.  After  Zipf 
(1896,  p.  65),  the  spots  stay  out  even  after  the  patient  feels  well  again.  Maxey 
(1899,  p.  436)  says  that  as  the  fever  declines  the  spots  fade,  but  any  temporary 
exacerbation  of  fever  or  free  perspiration  will  freshen  them  temporarily,  and  a 
characteristic  feature  of  this  disease  is  that  for  several  weeks  after  the  fever  has  sub- 
sided the  spots  will  show  imder  the  skin  after  a warm  bath  or  active  exercise. 

Montana. — The  spots  fade  as  the  fever  subsides,  but  may  not  entirely  disappear 
for  weeks  or  months  after  convalescence  is  established  (Wilson  and  Chowning,  1902a, 
p.  32;  1903a,  p.  63;  1904a,  p.  38).  Anderson  (1903a,  p.  507;  1903c,  p.  23)  says  that 
the  spots  fade  as  the  fever  declines,  but  show  distinctly  on  slight  return  of  fever  or 
free  perspiration.  Warm  baths  produced  spots  10  months  after  recovery. 

Gates  (1905,  p.  115)  reports  that  the  spots  were  visible  4 months 
after  recovery  in  his  ease  2 (1898),  and  in  case  15  (1904)  many  spots 
were  still  visible  6 weeks  after  the  temperature  reached  normal. 

CHARACTER. 

Idaho.' — According  to  Bowers  (1896,  p.  63)  the  spots  are  due  to  a sanguineous 
exudate,  probably  into  or  beneath  the  corium;  they  have  a characteristic  red  color; 
on  their  first  appearance  they  are  one-eighth  to  one-fourth  inch  in  diameter,  and 
disappear  momentarily  on  pressure;  in  3 or  4 days  they  enlarge  one-fourth  to  one- 
third  inch  in  diameter,  become  papular,  and  are  modified  only  slightly  on  pressure. 
In  fatal  cases  they  turn  dark  purple  before  death.  Collister  (1896,  p.  63)  describes 
the  eruption  as  flat,  rosy-red  papules  about  one-sixth  inch  in  diameter;  when  they 
are  pressed  upon,  esjiecially  soon  after  they  have  formed,  their  color  disappears,  but 
later  they  do  not  disappear  on  pressure.  Dubois  (1896,  p.  64)  refers  to  the  spots  as 
fine,  red,  round  papules  of  an  erythematous  nature.  “The  term  exanthesis  rosalia 
arthrodynia  more  nearly  expresses  the  disease  than  spotted  fever.”  Fairchild  (1896) 
describes  the  eruption  as  hemorrhagic  in  appearance;  the  spots  vary  in  size  from 
one-eighth  to  one-half  an  inch  in  diameter;  sometimes  they  coalesce,  covering  a 
large  surface;  they  do  not  disappear  on  pressure.  Figgins  (1896,  p.  64)  refers  to  the 
spots  as  raised,  first  of  light-red  color,  assuming  a dark-purple  hue  as  the  disease 
progresses;  eruptive  patches  one-fourth  to  1 inch  in  diameter,  mostly  of  circular 
form.  According  to  Springer  (1896,  p.  62)  the  eruption  does  not  fade  on  pre.ssure  and 
in  many  cases  there  are  large  areas  of  almost  black  (hemorrhagic)  skin,  especially  in 
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front  of  the  tibia;  the  spots  vary  in  size,  averaging  about  one-eighth  inch  in  diam- 
eter; they  appear  over  the  entire  body,  are  papular,  evidently  extravasation  of  blood 
beneath  the  skin,  fading  to  a faint  blue  in  4 to  30  days;  they  often  remain  for  months 
as  faint  blue  indurated  spots  on  exposure  to  cold.  According  to  Zipf  (1896,  p.  65) 
the  spots  are  red  in  the  center  and  blue  at  the  margin.  INIaxey  (1899,  p.  436)  states 
that  on  hrst  appearance  the  spots  are  a bright  rose  color,  round,  unelevated,  and 
vary  in  size  from  that  of  a pin  head  to  that  of  a split  pea;  on  pressure  they  disap- 
pear, but  return  quickly  when  released  from  pressure;  they  may  or  may  not  be  ten- 
der; pathologically  the  eruption  appears  to  be  an  extravasation  of  blood  into  the 
deeper  layers  of  the  skin. 

Montana. — The  eruption  has  the  color  and  at  a distance  appears  very  much  like 
measles,  but  it  is  unlike  the  latter  in  being  macular;  when  first  out  the  macules 
almost  disappear  on  pressure;  they  are  often  situated  at  a hair  follicle,  and  they  vary 
in  size — when  the  eruption  is  new,  from  a pin  head  up  to  a split  pea;  gradually  the 
macules  become  darker,  assuming  a purple  or  dark-blue  color,  becoming  harder  and 
harder  to  eliminate  by  pressure;  they  increase  in  size  so  that  many  of  them  become 
confluent  in  places,  producing  a mottled  appearance;  after  they  become  dark  they 
have  exactly  the  appearance  of  a hemorrhage  under  the  skui;  but  whether  or  not 
they  are  a true  diapedesis  Gwinn  (1902)  is  unable  to  say.  McCullough  (1902,  p.  226) 
refers  to  the  resemblance  to  a turkey  egg,  caused  by  the  spots;  the  spots  also  vary 
and  “may  Ido  seen  in  the  form  of  a petechia  extending  to  a decided  ecchymosis  upon 
an  area  of  the  body  the  hand  would  cover;”  the  macules  partially  disappear  under 
pressure  early  in  the  eruptive  stage,  but  later  they  become  permanent  and  take  on  a 
darker  hue,  losing  the  pink  tinge  that  predominates  when  the  eruption  flrst  appears. 

According  to  WiLson  and  Chowning  (1902a.  p.  132;  1903a,  pp.  62-63;  1904a,  p.  38) 
the  macules  are  at  flrst  rose  colored  and  consist  of  circular  spots,  varying  in  size  from 
1 to  5 mm.  in  diameter;  they  are  not  elevated;  at  flrst  they  disappear  on  pressure, 
but  quickly  reappear;  they  are  sometimes  tender  to  the  touch;  the  appearance 
ordinarily  rapidly  changes,  the  macules  becoming  permanent,  assuming  a dark-blue 
or  purplish  color,  and  increasing  in  size  until  by  confluence  a mottled  or  marbled 
appearance  may  be  given  to  the  skin,  especially  on  the  dependent  portions;  in  some 
cases  the  marbling  covers  the  entire  l)ody;  the  color  now  no  longer  disappears  on 
pressure;  in  some  cases  the  eruption  at  no  time  becomes  confluent  and  only  small 
brownish  or  purplish  petechiae  may  be  present,  giving  a speckled  appearance  which 
has  been  likened  to  that  of  a turkey’s  egg. 

Anderson  (1903a,  p.  507;  1903c,  p.  22)  says  that  at  flrst  the  spots  are  of  a bright 
red  color,  macular  at  all  times,  from  a pin  point  to  a split  pea  in  size;  at  flrst  they 
disappear  readily  on  pressure  and  return  quickly,  but  if  the  ca.se  is  a severe  one  they 
soon  become  darker,  and  in  some  cases  are  almost  purple;  from  about  the  sixth  to 
the  tenth  day  of  the  disease  they  fail  to  disappear  on  pressure  and  are  distinctly 
petechial  in  character;  in  favorable  cases,  about  the  fourteenth  day  they  begin  to 
lose  their  petechial  character  and  disappear  slowly  on  pressure;  in  some  cases  the 
eruption  consists  of  small,  brownish  spots,  giving  a turkey  egg  appearance;  Koplik’s 
spots  are  not  present  (Anderson,  1903c,  p.  36).  Gates  (1903,  p.  49)  in  describing  a 
case  says  that  the  petechige  increased  in  size  and  number  very  rapidly  during  the 
flrst  2 weeks,  forming  large,  iiregularly  shaped  spots  from  the  size  of  a little  finger 
nail  to  spots  one-half  by  one-half  inch  in  diameter;  they  darkened  in  color,  becoming 
bluish,  with  surrounding  yellow  tinge;  they  were  slow  in  disappearing,  some  trace 
being  visible  7 months  after  recovery. 

In  1904  the  skin  of  case  1 was  mottled.  In  case  2 the  spots  were 
not  sore  to  the  touch.  In  case  3 they  first  appeared  on  the  arms.  In 
case  4 the  eruption  covered  the  legs  to  the  knees;  on  the  14th  it  was 
reported  as  elevated  and  extended  over  trunk  to  face  and  arms.  In 
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case  6 the  spots  were  on  the  legs  and  trunk  when  patient  was  first  seen 
b}"  ph3^sician.  In  case  7 they  were  very  slow  and  backward  in  appear- 
ance, in  fact,  and  never  became  very  pronounced.  In  case  8 no  spots 
were  noticed  at  10  a.  m.  May  21  (fourth  day),  but  at  2 p.  m.  they 
appeared  quite  distinct  on  wrist  and  chest;  at  5 p.  m.  all  spots  disap- 
peared; the  skin  then  became  decided!}"  mottled;  on  May  24  spots 
appeared  in  decided  manner  over  entire  back,  arms,  and  chest.  In 
case  9 spots  were  first  noticed  on  the  ankles.  In  case  10  first  symp- 
toms were  noticed  on  J une  2,  first  spots  on  J une  6.  There  was  pro- 
fuse perspiration  on  May  13  in  case  12,  a few  days  after  tick  bite  the 
‘‘arm  had  swelled  up  as  large  as  two  arms  and  was  red  as  a beet,”  the 
spots  disappeared  from  the  face,  forehead,  arms,  body,  and  legs  in 
the  order  named. 


PATHOLOGICAL  FINDINGS. 

Wilson  and  Chowning  (1904a,  p.  42),  reporting  upon  the  pathological  findings,  say 
that  the  skin  over  all  dependent  portions  of  the  body  presented  a marbled  appear- 
ance; over  nondependent  portions  it  was  covered  with  petechiae;  in  all  cases  small 
wounds  of  the  skin  due  to  tick  bites  were  present;  the  capillaries  of  the  skin  are  dis- 
tended with  blood,  which  contains  an  excess  of  leukocytes;  many  of  the  red  cells  have 
escaped  from  the  vessels  into  the  surrounding  tissues;  in  some  cases  blood-pigment 
granules  are  present  in  old  extravasations;  in  a few  cases  phagocytes,  containing 
infected  red  cells,  are  present,  but  not  so  many  infected  cells  are  found  as  are  present 
in  the  spleen,  kidney,  and  liver.  Anderson  (1903c,  jd.  38)  speaks  of  the  congested 
capillaries  and  minute  extravasations  in  the  rete  extending  into  the  stratum  mucosum. 

COMPARISON. 

The  spotted  condition  of  the  skin  is  one  of  the  most  striking  clinical 
features  of  so-called  ‘“spotted  fever,”  although  it  is  maintained  by 
some  physicians  that  a mild,  nonfatal  type  of  the  disease  occurs  in 
which  these  spots  are  not  present. 

In  the  articles  referred  to  as  summarizing  piroplasmatic  diseases  no  mention 
seems  to  be  made  of  exactly  similar  regular  conditions  in  cattle,  sheep,  and  dogs. 
Starcovici,  however,  refers  to  a “jelly-like,  hemorrhagic,  subcutaneous. edema”  in 
hemoglobinuria  of  cattle  and  “a  yellow  jelly-like  edema,  here  and  there  under  the 
skin”  in  carceag  of  sheep.  Smith  reports,  for  Texas  fever,  that  “the  skin  presents 
nothing  abnormal  to  the  unaided  eye.  * * * In  one  case  the  hair  on  the  abdo- 
men and  the  inner  aspect  of  the  thighs  was  matted  into  little  tufts  by  dried  blood; 
the  skin  showed  at  such  places  a bluish  elevated  spot,  and  when  incised  a little  blood 
was  found  in  the  subcutis;  this  may  be  what  has  been  called  blood  sweating.” 

If  “spotted  fever”  is  a piroplasmosis,  rve  would  therefore  seem  to 
have  in  man  a skin  lesion  which  marks  this  disease  as  quite  different, 
clinically,  from  similar  diseases  in  other  animals. 

DESQUAMATION. 

Idaho. — A browny  desquamation  is  usual  about  the  third  week;  subjects  that  die 
at  this  stage  present  a resemblance  to  smallpox,  due  to  the  loss  of  epidermis  from 
the  apices  of  the  papules  (^Bowers,  1896,  p.  63).  Figgins  (1896)  gives  the  third  or 
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fourth  week  as  the  time  of  desquamation.  According  to  Maxey  (1899,  p.  436)  the  des- 
quamation during  convalescence  is  somewhat  peculiar,  and  can  best  be  studied  on 
the  feet;  the  spots  seem  to  cause  a circumscribed  death  of  the  skin.  A short  time 
ago  he  examined  Mr.  D.,  one  of  his  spotted-fever  cases,  who  was  taken  sick  2 
months  previously;  patient  was  sick  18  or  20  days,  and  made  a rapid  and  perfect 
recovery.  It  was  a warm  day;  he  had  taken  a brisk  walk  just  before  coming  to  the 
office,  and  when  stripped  for  examination  spots  could  be  dimly  seen  in  the  skin  on 
the  hands  and  feet,  but  none  on  the  body.  On  the  soles  of  the  feet  were  many 
round,  white  areas  of  dead  epidermis,  corresponding  to  the  former  location  of  the 
spots,  and  when  this  dead  epidermis  was  removed  it  gave  to  the  thick  skin  of  the 
sole  a punched-out  appearance.  Over  the  body  desquamation  is  hardly  noticeable, 
but  it  does  occur. 

Montana. — McCullough  (1902,  p.  227)  reports  a peeling  of  the  eruptive  spots  upon 
patients  who  recover.  According  to  Wilson  and  Chowning  (1902a,  p.  132;  1903a, 
p.  63;  1904a,  p.  38),  desquamation  begins  about  the  third  week  and  extends  over  the 
whole  body,  but  is  slight  except  over  the  most  affected  areas.  Anderson  (1903c,  p. 
23)  agrees  that  when  convalescence  is  well  advanced  desquamation  begins  and 
extends  over  the  entire  body. 

JAUNDICE. 

In  addition  to  the  eruption  the  skin  takes  on  a congested,  jaundiced  appearance, 
well  marked  in  the  conjunctivie  (Gwinn,  1902).  According  to  McCullough  (1902, 
p.  226)  jaundice  accompanies  the  majority  of  cases,  depicted  over  the  entire  body, 
and  well  marked  upon  the  conjunctivse.  According  to  Wilson  and  Chowning  (1902a, 
p.  132;  1903a,  p.  63;  1904a,  p.  38)  the  skin  ordinarily  shows  some  jaundice.  Ander- 
son (1903a,  p.  507;  1903c,  p.  23)  states  that  the  skin  is  always  jaundiced  to  a greater 
or  less  degree,  first  noticed  in  the  conjunctivie.  He  reports  (p.  32)  the  skin  of  case 
120  as  distinctly  yellow;  on  post-mortem  (p.  33)  deeply  jaundiced. 

In  190d  jaundice  was  noticed  to  a greater  or  less  extent  in  practicalh^ 
all  the  Bitter  Root  Valley  cases.  It  was  reported  especial!}^  in  case  9 
for  skin  and  conjunctivte. 

Comparison. — Jaundice  of  the  skin  is  reported  for  Texas  fever  as  “of  rare  occur»“ 
rence;”  in  dogs  the  skin  becomes  “icteric,  may  become  chrome  yellow  in  'color;” 
icterus  was  “ver}'  slight  or  not  evident”  in  dogs  which  Nuttall  studied;  icterus  was 
noticed  “in  the  mucous  membranes  of  the  eye,  mouth,  and  skin  in  30  out  of  63  cases 
observed”  in  France.  Icterus  is  not  reported  by  Starcovici  for  hemoglobinuria  in 
cattle. 

CYANOSIS. 

The  congested  and  cyanotic  condition  of  the  skin  causes  a bloated,  stupid  expres- 
sion of  the  face  in  most  cases,  which  is  a very  diagnostic  symptom  (Gwinn,  1902) . 

Case  11  (1901)  showed  cj^anosis  June  25-26  (seventh  and  eighth 
da3-s). 

GANGRENE. 

Idaho. — Sloughing  of  the  scrotum  occurred  in  one  case  (Bowers,  1896>  p.'63). 
Fairchild  (1896)  also  reports  occasional  sloughing  of  limited  areas,  such  alB  of  the 
scrotum,  etc. 

Montana. — Gangrene  is  not  an  infrequent  complication  and  may  affect  the  fingers, 
toes,  the  region  about  the  lobe  of  the  ear,  or  in  fact  almost  any  part  of  the  body;  in 
one  case  the  odor  of  the  exhalations  and  sputum  gave  strong  evidence  of  gangrene 
of  the  lungs  (Gwinn,  1902).  According  to  McCullough  (1902,  p.  226)  gangrene  fre- 
quently affects  the  toes,  fingers,  and  dependent  portions  of  the  body.  Wilson  and 
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Chowning  (1902a,  p.  132;  1903a,  p.  63;  1904a,  j).  38)  report  that  in  some  cases  the 
skin  becomes  gangrenous  over  considerable  areas,  as  on  the  elbows,  fingers,  toes, 
lobes  of  the  ears,  scrotum,  etc.  Anderson  (1903a,  p.  507;  1903c,  p.  23)  states  that 
in  very  severe  cases  there  may  be  gangrene  of  the  fingers  and  toes,  and  still  more 
frequently  of  the  skin  of  the  scrotum  and  penis;  in  case  120  the  epidermis  over  scro- 
tum sloughed  off  from  an  area  about  2 to  5 centimeters  in  diameter  (Anderson,  1903c, 
p.  33). 

Gates  (1905,  p.  115)  reports  that  in  his  case  6 (1900)  the  skin  of 
the  scrotum  and  legs  became  gangrenous  before  death,  and  Buckley 
noticed  gangrene  in  case  1 (1904). 

HYPERESTHESIA. 

Idaho. — Bowers  (1896,  p.  64)  reports  hyperesthesia  on  the  surface  of  the  body. 

Montana. — McCullough  (1902,  p.  227)  says  there  is  an  exaggerated  superficial 
hyperesthesia  of  the  skin,  as  well  as  deep  soreness,  the  patient  fearing  to  be  moved 
or  touched. 

In  the  cases  observed  in  1904,  hyperesthesia  was  especially  marked 
in  Minshall’s  case  (No.  8),  and  in  Buckley’s  case  (No.  2). 

Fat. 

See  also  Emaciation,  page  74. 

The  panniculus  adiposus  was  about  normal  in  case  120  (Anderson,  1903c,  p.  32). 

In  1904,  case  11,  upon  autopsy,  showed  a good  amount  of  subcutane- 
ous fat  when  incision  was  made  from  manubrium  to  pubis. 

Head. 

FACE. 

Idaho. — Early  in  the  disease  the  face  acquires  a dusky  flush,  and  is  slighfly 
swollen;  the  expression  .becomes  listless,  dull,  and  heavy  (Bowers,  1896,  p.  63). 
Zipf  (1896,  p.  65)  reports  flushed  face. 

Montana. — The  congested  and  cyanotic  condition  of  the  skin  causes  a bloated, 
stupid  expression  of  the  face  in  most  cases,  and  this  is  a very  diagnostic  symptom 
(Gwinn,  1902).  There  is  a glazed  appearance  of  the  face,  bordering  upon  being 
copper  colored,  and  taking  a bluish  or  dusky  hue  as  the  disease  advances. 

In  all  severe  cases  more  or  less  edema  of  the  face  and  extremities  is  present.  This 
may  be  marked,  and  may  appear  as  early  as  the  third  day  of  the  disease  (Wilson  and 
Chowning,  1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  40).  There  was  considerable  swell- 
ing of  the  legs  and  face  the  last  day  or  two  in  cases  24  and  72  (Wilson  and  Chowning, 
1903a,  pp.  32,  37;  Anderson,  1903c,  pp.  13,  15);  in  cases  117  and  120  there  was  also 
more  or  less  swelling  of  the  face  and  limbs  (Anderson,  1903c,  pp.  27,  32). 

Gates  (1905,  p.  Ill)  reports  the  face  of  his  case  14  as  slightly  flushed. 

In  1904  the  face  of  case  1 was  reported  as  congested;  of  cases  8 and 
10,  flushed;  of  case  5,  slightly  flushed;  of  case  3,  as  placid,  blotched 
with  eruption,  and  then  darkly  flushed  (May  13);  of  case  6,  as  florid; 
case  11,  as  dusky. 

EARS. 

Wilson  and  Chowning  (1903a,  p.  44)  report  ringing  in  the  ears  for  case  No.  109; 
the  patient  had  been  partially  deaf  for  2 or  3 days  at  the  beginning  of  the  sickness; 
case  89  (p.  49)  experienced  xleafness  (but  had  had  quinine);  deafness  is  also  recorded 
for  case  107.  Anderson  (1903c,  p.  36)  reports  ringing  in  the  ears  in  case  121. 


52 


EYES. 

See  also  Jaundice,  page  50. 

IdaJw.— The  conjuntivfe  are  more  or  less  injected  (Bowers,  1896,  p.  63).  The 
eruption  in  many  cases,  invades  the  eyes  causing  severe  pain,  and  making  them 
very  sensitive  to  light. 

Montana. — Jaundice  is  well  marked  upon  the  conjunctivge  (McCullough,  1902,  p. 
226;  Gwinn,  1902).  According  to  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p. 
63;  1904a,  p.  38)  jaundice  maybe  quite  marked  in  the  conjunctivas,  the  vessels  of 
which  are  injected  from  the  outset.  Anderson  (1903a,  p.  507;  1903c,  p.  21)  says 
that  jaundice  is  first  noticed  in  the  conjunctivse,  the  vessels  of  which  are  congested 
from  the  outset. 

The  pupils  react  normally  to  light  and  accommodation  (Wilson  and  Chowning, 
1902a,  p.  133;  1904a,  p.  38;  Anderson,  1903c,  p.  23).  Gates  (1905,  Ill)  reports  the 
conjunctivje  of  case  11  congested;  eyes  of  his  case  14  as  dull,  conjunctivse  slightly  con- 
gested; case  15,  conjunctivse  congested;  case  16,  eyes  much  congested. 

In  1901:,  the  conjunctivse  were  reported  as  injected  in  case  8,  but  as 
not  injected  in  case  13;  the  ei^es  were  reported  as  injected  in  cases  2 
and  10;  in  case  2 the}"  were  quite  bloodshot  on  May  8;  they  were  nor- 
mal in  case  3 on  May  10;  in  case  1 the  sclerotics  were  much  injected. 

Case  2 complained  of  sore  eyes  early  in  the  attack;  there  was  no 
tenderness  of  the  eveballs  in  case  11,  but  some  hours  before  death  the 
pupils  were  widely  dilated,  despite  the  fact  that  the  patient  was  receiv- 
ing large  doses  of  morphine. 

An  examination  of  the  eyes  of  case  9 by  Gwinn  showed  the  media  a 
little  blurred,  so  that  the  granular  appearance  of  the  retina  could  not 
be  seen;  the  larger  retinal  blood  vessels  were  quite  plain,  however; 
there  was  no  s elling  or  blurring  of  the  disk;  no  hemorrhagic  petechias 
in  the  retina. 

In  case  10  there  was  a slight  convergent  strabismus;  on  June  10, 
the  mother  states  that  last  night  patient  cried  out  that  his  eyes  were 
turning  out;  she  examined,  and  saw  that  a divergent  squint  (outward 
rotation)  of  the  left  eye  Avas  present;  this  later  disappeared;  the  eyes 
were  suffused.  The  pupils  in  case  13  were  reported  as  dilated  and 
irresponsive  to  light.  In  case  8 the  eyes  reacted  to  light  up  to  May  28. 

PHOTOPHOBIA. 

Idaho. — In  many  cases  the  patient  is  very  sensitive  to  light  (Fairchild,  1896). 
Dubois,  (1896,  p.  64)  ateo  reports  photophobia.  In  one  case  two  years  elapsed  before 
sunlight  was  borne  without  intense  cei^halalgia  (Bowers,  1896,  p.  63). 

Montana. — Wilson  and  Chowning  (1903a,  p.  46)  report  photophobia  for  case  107. 
Gates  (1905,  p.  113)  reports  photophobia  for  his  case  16  (1904). 

In  1904  photophobia  was  more  or  less  present  in  cases  2 to  11, 
except  possibly  case  8.  It  was  especially  marked  in  cases  2 and  10. 

NOSE. 

EPISTAXIS. 

See  also  Hemorrhage,  page  63. 

Idaho. — Epistaxis  occurs  in  some  cases  (Figgins,  1896,  p.  64). 

Montana. — Epistaxis  is  present  (McCullough,  1902,  p.  227)  and  not  uncommon 


53 


(Gwinn,  1902).  Two  physicians  have  noted  epistaxis;  it  was  not  observed  in  1902, 
but  was  seen  in  3 cases  in  1903  (Wilson  and  Chowning,  1903a,  p.  65;  1904a,  p.  40). 
According  to  Anderson  (1903c,  pp.  21,  23,  32,  36-37),  however,  nosebleed  is  always 
present,  usually  from  the  end  of  the  first  week,  and  is  sometimes  quite  severe;  he 
reports  it  for  cases  Nos.  120  and  121. 

In  1901,  nosebleed  was  reported  as  not  present  in  case  9;  slight  in 
case  6;  frequent,  but  not  excessive,  during  last  live  dav.s  in  case  7. 

MOUTH  AND  THROAT. 

See  also  Cough,  page  71. 

Idaho. — Sore  mouth  and  congested  fauces  are  met  with  (Bowers,  1896,  p.  64). 
Many  cases  suffer  from  congestion  of  the  throat,  which  is  very  sensitive  and  painful 
and  interferes  with  swallowing  (Fairchild,  1896). 

Montana. — The  mouth  is  parched  and  dry  (McCullough,  1902,  p.  227) ; there  was 
a bad  taste  in  the  mouth  in  case  89  (Wilson  and  Chowning,  1903a,  p.  49);  also  in 
case  120  (Anderson,  1903c,  p.  30).  Gates  (1903,  p.  48)  reports  sore  throat  in  one 
case.  Wilson  and  Chowning  (1903a,  p.  49)  report  intense  thirst  in  case  89. 

In  1901,  the  lips  were  diy,  blood  stained,  and  crusted  in  cases  2 and 
7;  sordes  were  present  on  lips  and  tongue  in  case  11. 

There  was  no  eruption  in  the  mouth  or  throat  in  cases  3,  9,  and  10. 

In  case  3 the  fauces  and  phar3uix  were  much  injected  and  showed 
adherent  mucus-pus. 

Sore  throat  was  not  noticed  in  cases  7 and  10;  in  case  2 there  was 
marked  irritation  in  the  throat,  and  it  was  veiy  sore  to  the  touch;  in 
case  3 the  throat  was  at  one  time  veiy  sore,  but  it  improved  later;  in 
case  5 the  throat  was  slightly  sore,  but  showed  no  marked  injection; 
in  case  5 sore  throat  was  an  early  s^^mptom;  in  case  8 the  throat  was 
slightly  sore. 

In  case  2 there  was  marked  huskiness  of  voice. 

In  cases  2 and  8 there  was  intense  thirst. 

Compansons. — The  pharynx  and  larynx  are  hyperemic  in  hemoglobinuria,  and 
the  mucosa  is  swollen  in  carceag. 

BREATH. 

Gwinn  (1902)  states  that  in  one  case  the  odor  of  the  breath  gave  evidence  of 
gangrene  of  the  lungs.  Anderson  (1903c,  p.  29)  reports  a peculiar  sweetish  odor  to 
the  breath  in  case  120. 

In  1901,  case  3 presented  an  unusually  offensive  breath,  which  dur- 
ing the  last  stages  became  absolute!}-  nauseating;  the  breath  of  this 
patient  during  health  was  said  to  be  veiy  offensive.  Cases  9 and  11 
presented  a more  or  less  urinous  odor  to  the  breath. 

TONGUE. 

Idaho. — Bowers  (1896,  p.  64)  reports  the  tongue  as  thick  and  furred.  Collister 
(1896,  p.  63)  says  that  it  is  usually  covered  with  a whitish  or  yellowish  fur,  but  in 
severe  typhoidal  cases  is  dry,  red,  and  glazed.  Fairchild  (1896)  describes  it  as 
coated  by  a whitish  fur  with  red  edges  early  in  the  disease;  later,  the  whitish  coat 
usually  disappears  and  the -tongue  becomes  red  and  frequently  dry  and  brown  or 
black.  Springer  (1896,  j).  62)  says  that  the  tongue  has  a yellowish-white  coat  with 
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red  edges;  in  the  later  stages  it  becomes  red,  or  dry  and  brown.  According  to 
Springer  (1896)  the  tongue  is  always  coated,  a thin,  white  fur  persisting  for  a long 
time.  Zipf  (1896,  p.  65)  also  reports  coated  tongue.  Maxey  (1899,  p.  435)  reports 
the  tongue  as  at  first  covered  with  a whitish  coating,  but  about  the  time  the  fever 
reaches  its  maximum  the  tongue  changes  to  a dry,  brownish  condition,  which  con- 
tinues until  the  general  symptoms  begin  to  ameliorate,  when  the  tongue  clears  in  an 
irregular  manner,  beginning  at  the  base. 

Montana. — According  to  Gwinn  (1902)  the  tongue  at  first  has  a white  coat,  but  it 
soon  becomes  brown  and  is  accompanied  by  sordes.  IVilson  and  Chowning  (1903a, 
pp.  44,  46,  62;  1904a,  p.  37)  describe  the  tongue  as  dry  with  heavy  white  or  yellow- 
ish coat  in  the  middle,  but  red  at  the  tip  and  along  the  edges;  it  may  be  thickly 
coated  even  at  the  onset  (1902a,  p.  132) ; while  the  coat  is  whitish  at  first,  it  becomes 
brownish  as  the  fever  progresses,  and  the  tongue  may  become  dry  and  cracked 
(1902a,  p.  132).  Anderson  (1903a,  p.  21,  23,  29,  31)  agrees  that  at  first  the  tongue 
has  a heavy,  whitish  coat  with  red  edge  and  tip;  later  it  becomes  dark  brown;  in 
case  117  it  was  coated  throughout  the  disease;  in  case  120  it  was  furred  on  April  29, 
and  on  May  6 it  showed  a heavy  white  coat  with  red  tip  and  margins;  in  case  121  it 
had  a heavy  white  coat  in  the  center  with  red  tip  and  edges.  Gates  (1903,  p.  49) 
says  in  regard  to  one  case  when  first  seen  that  the  tongue  was  coated  white  on  the 
sides  and  was  rather  dry. 

In  1904  the  tono'ue  was  moist  in  case  1;  tremulous  and  with  a heavy 
white  moist  coat  in  case  3;  it  had  a heavy  white  moist  coat  in  cases  5 
and  10;  in  case  8 there  was  a heav}"  white  coat,  which  became  dry  and 
brown;  in  case  7 there  was  a heavy  moist  coat  which  became  dry, 
brown,  and  somewhat  glazed;  in  case  9 the  tongue  was  heavily  coated; 
in  case  11  it  was  red  and  moist,  with  white  streaks;  in  case  13  the 
tongue  was  furred. 

Gates  (1905,  p.  Ill)  reports  that  in  his  case  (11)  the  tongue  quivered 
verv  much  when  extruded,  and  it  was  loaded  with  a heavv  dirtv- 
brown  coat,  the  sides  of  the  tongue  were  so  livid  as  to  be  almost  blue; 
his  case  (14)  showed  a grayish  coat  on  the  tongue;  in  his  case  (16) 
the  tongue  became  veiA^  diy  early  in  the  disease. 

TEETH. 

Gwinn  (1902)  and  McCullough  (1902,  p.  227)  say  that  sordes  are  present.  Wilson 
and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37)  state  that  sordes  appear 
early  and  may  be  quite  pronounced.  Anderson  (1903c,  p.  23)  also  agrees  that  the 
teeth  may  be  covered  with  sordes. 

Neck. 

In  case  109  there  was  no  stiffness  of  the  muscles  of  the  neck  and  back,  though 
some  pain  was  present  on  pressure  over  the  spinal  process  of  the  vertebrae,  especially 
in  the  dorsal  lumbar  region.  (Wilson  and  Chowning,  1903a,  jj.  45.) 

In  case  115  the  postcervical  glands  were  enlarged,  particularly  on  the  right  side; 
in  case  116  the  axillary  glands  were  swollen  and  sore  the  day  after  the  tick  bite;  in 
case  120  the  mesenteric  and  retroperitoneal  glands  were  pale,  but  not  enlarged 
(autopsy). — Anderson,  1903c,  pp.  24,  25,  33. 

In  1904,  case  9 showed  no  stiffness  of  the  neck,  and  the  head  could 
be  readilv  bent  forward;  in  case  6 there  was  general  rigiditv  of  the 
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body  on  May  20;  in  case  7 there  was  cervical  tenderness  on  first  day 
of  illness;  case  11  had  cervical  tenderness  for  several  days. 

In  cases  3 and  10  the  cervical  glands  were  somewhat  enlarged. 

Abdomen. 

There  was  considerable  gurgling  and  tenderness  in  the  right  iliac  fossa  in  case  120 
(Anderson,  1903c,  p.  31);  tympanites  is  never  excessive  (1903c,  p.  23).  Anderson 
(1903c,  p.  120)  reports  the  mesenteric  and  retroperitoneal  glands  as  pale  and  not 
enlarged.  Abdominal  tympanites  usually  appears  1 or  2 hours  before  death. 
(Wilson  and  Chowning,  1904a,  p.  40.)  Gates  (1905,  p.  Ill)  reports  tympanites  as 
moderate  in  his  nonfatal  case  11  on  the  10th  day. 

In  1901,  the  abdomen  was  not  distended  or  painful  in  case  3 (May 
10,  1904);  it  was  generally  tender,  especially  on  right  side  in  case  8 
(May  26,  1904),  and  was  painful  and  tender  in  case  10. 

Autops}^  of  case  11  (1904)  showed  the  abdominal  organs  in  normal 
relation  and  position. 

PERITONEUM. 

In  case  11  (1904),  the  peritoneum  was  normal;  there  was  a consider- 
able amount  of  straw-colored  material  present  in  peritoneal  cavity. 

Comparisons. — In  hemoglobinuria  the  peritoneum  near  the  duodenum  is  always 
yellowish  and  jellydike,  swollen  and  ecchymotic. 

OMENTUM. 

In  case  97  the  omentum  was  somewhat  discolored,  showing  postmortem  degenera- 
tion; in  case  94  it  was  slightly  hemorrhagic.  (Wilson  and  Chowning,  1903a,  pp. 
56-58. ) . _ ’ 

See  also  page  68. 

EXTREMITIES. 

Idaho. — Bowers  (1896,  p.  63)  speaks  of  swollen  joints,  the  joint  lesions  developing 
with  the  spots;  the  swelling  disappears  during  the  period  of  absorption  and  conva- 
lescence. 

in  1904  the  knee  jerks  were  normal  in  case  10;  patellar  reflex 
was  exaggerated  and  ankle  clonus  pronounced  in  case  13. 

In  case  2 the  finger  nails  turned  purple  about  half  an  hour  before 
death. 

GENITALIA. 

See  also  page  50. 

Bowers  (1896,  p.  63),  reports  that  the  scrotum  and  testicles  are  swollen  in  severe 
cases.  Fairchild  (1896)  and  others  say  that  sloughing  occasionally  takes  place  over 
limited  areas,  such  as  of  scrotum,  etc. 

Digestive  System. 


See  pages  53-54. 


MOUTH,  TONGUE,  TEETH. 
APPETITE. 


Idaho. — The  loss  of  appetite  is  early  and  the  relish  for  food  is  not  regained  until 
the  ])atient  is  quite  convalescent  (Bowers,  1896,  p.  63).  Dubois  (1896,  p.  64)  reports 
persistent  anorexia.  In  many  cases  the  appetite  is  lost  (Fairchild,  1896).  There  is 
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first  a loss  of  appetite,  but  after  the  first  5 or  6 days  in  many  cases  it  returns  and 
remains  good  throughout  the  attack  (Maxey,  1899,  p.  435). 

Montana. — McCullough  (1902,  p.  227)  reports  an  apathy  for  food  and  nourishment. 
Wilson  and  Chowning  (1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  40)  state  that  at  the  onset 
of  the  disease  the  appetite  is  usually  good  and  food  is  well  retained  and  assimilated. 
Anderson  (1903c,  p.  23)  gives  the  appetite  as  often  good  throughout  the  first  week. 
Gates  (1903,  p.  48)  reports  it  as  completely  absent  in  one  case  when  first  seen;  in 
another  case  food  and  medicine  were  taken  well  until  the  last  36  hours.  He  (1905, 
pp.  111-116)  reports  loss  of  appetite  for  cases  11,  14  (complete),  and  15. 

In  1901,  appetite  was  fairl}^  good  in  case  8 on  May  22;  in  case  4 
there  was  complete  loss  of  appetite  on  May  13;  appetite  was  absent  in 
cases  5 and  7,  in  the  latter  case  throughout  the  attack;  case  6 had  dif- 
ficulty in  swallowing  (Ma}-  20). 

Comparison. — For  Texas  fever.  Smith  and  Kilborne  (1893,  p.  20)  report  that  loss  of 
appetite  always,  and  cessation  of  rumination  usually,  accompany  the  high  fever  after 
the  third  or  fourth  day.  Loss  of  appetite  is  also  reported  for  hemoglobinuria  in 
cattle.  Nuttall  (1904,  pp.  232-233)  records  for  canine  piroplasmosis  that  loss  of  appe- 
tite is  a constant  and  early  symptom,  observed  in  all  cases  upon  which  he  has 
experimented.  The  dogs  refuse  all  food  in  later  stages;  they  may  drink  much  water 
but  refuse  milk  (Hutcheon,  1899).  This  symptom  is  also  noted  by  Lounsbury  and 
Eobertson.  In  France  loss  of  appetite  is  noted  at  onset  in  acute  cases,  and  the  appe- 
tite is  not  regained;  anorexia  is  also  observed  in  chronic  cases. 

STOMACH. 

Idaho. — Springer  (1896,  p.  62)  reports  irritability  and  severe  pains  in  the  stomach. 
In  some  cases  (Fairchild,  1896)  it  shows  marked  irritability. 

Montana. — Anderson  (1903c,  p.  38),  in  his  summary  of  lesions,  reports  the  stom- 
ach as  normal,  but  he  says  (p.  33)  that  in  cas6  120  it  was  apparently  normal,  except 
hypostatic  congestion  over  dorsal  surface  of  fundus.  Wilson  and  Chowning  (1904a, 
p.  41 ) say  that  in  some  cases  the  dependent  portions  of  the  stomach  were  hyperemic-. 

In  1901  “stomach  ache”  was  reported  as  absent  in  case  5 but  pres- 
sent  in  case  7.  “Cramps  in  stomach”  were  reported  for  case  2. 

Upon  autopsy,  case  11  (1904)  showed  injection  about  cardiac  end, 
otherwise  it  appeared  normal. 

See  also  page  57. 

NAUSEA  AND  VOMITING. 

I 

Idaho. — Nausea  is  common,  and  vomiting  an  occasional  symptom  (^Bowers,  1896, 
pp.  63-64).  Collister  (1896,  p.  63)  says  that  nausea  and  vomiting  are  present  until 
the  fourth  or  fifth  day  of  the  fever.  Dubois  (1896,  p.  64)  reports  nausea  as  an  early 
symptom. 

Montana. — Vomiting  may  be  present  to  a greater  or  less  degree  (McCullough,  1902, 
p.  227).  About  the  beginning  of  the  second  week  nausea  and  vomiting  develop  and 
continue  in  fatal  cases  to  the -end;  in  some  cases  nausea  is  present  from  the  onset 
(Wilson  and  Chowning,  1903a,  p.  64;  1904a,  p.  40).  According  to  Anderson  (1903c, 
p.  23)  there  may  be  at  first  a little  nausea,  but  the  appetite  is  often  good  throughout 
the  first  week;  in  fatal  cases  nausea  becomes  more  persistent  during  the  second  week 
and  lasts  until  the  end;  he  reports  (1903c,  pp.  16,  34)  vomiting  as  an  initial  symptom 
in  case  97,  and  nausea  present  in  case  121.  Gates  (1903,  p.  49)  reports  vomiting 
once  in  one  case;  he  (1905,  pp.  1113  reports  vomiting  for  his  case  11,  but  there  was 
no  vomiting  in  his  case  16,  who  took  food  well  at  all  times. 
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In  1904,  nausea  was  reported  as  present  in  case  7,  absent  in  cases  5 
and  8.  Vomiting  was  noticed  twice  (Ma}^  5)  in  case  2;  case  5 vomited 
practicalh"  everything  taken;  case  7 vomited  throughout  the  attack, 
the  vomit  being  greenish-yellow  and  containing  blood  (May  20),  thought 
to  be  from  nose;  cases  10  and  11  vomited  earh'  in  the  attack. 

INTESTINES. 

Wilson  and  Chowning  (1904a,  p.  42)  report  the  intestines  as  normal  upon  post- 
mortem, except  slight  hypostatic  congestion  in  two  cases,  throughout  their  entire 
extent. 

The  stomach  and  intestine  were  normal  in  case  91.  In  case  93  the  stomach  was 
congested  (hypostatic?)  over  dorsal  portion;  intestine  normal.  In  case  97  intestine 
was  slightly  discolored  and  distended  by  gas.  In  case  107  there  was  nothing 
abnormal  except  that  the  colon  was  distended  by  gas.  In  case  89  there  was  nothing 
abnormal  except  a slight  conge.stion  (probably  hypostatic)  in  upper  portion  of  the 
jejunum.  In  case  94  nothing  abnormal  except  intestine  distended  with  gas  (Wilson 
and  Chowning,  1903a,  pp.  48,  51,  54,  56,  58).  In  case  120  the  small  intestine  was 
empty  and  showed  no  inflamation  or  congestion  except  hypostatic  (Anderson,  1903c, 
p.  33). 

None  of  the  glands  were  enlarged  in  cases  89,  91,  93,  107;  Peyer’s  patches  pale  and 
not  congested  in  case  120. 

The  mesenteric  vessels  were  congested  in  case  93. 

In  case  11  (1901)  the  upper  portion  of  the  intestine  appeared  normal; 
solitaiy  glands  and  Peyer's  patches  appeared  somewhat  swollen;  cecum 
showed  considerable  injection,  which  continued  more  or  less  throughout 
the  colon. 

Comparisons. — Smith  and  Kilborne  (1893,  p.  34)  state  regarding  Texas  fever  that 
“The  lesions  of  the  intestines  are  limited  to  hypenemia  and  pigmentation.  Begin- 
ning with  the  duodenum,  there  is  found  generally  an  abundance  of  bile  and  more  or 
less  injection  and  pigmentation  of  the  villi  appearing  in  the  form  of  closely  set  points 
and  fine  lines.  The  remainder  of  the  small  intestine  may  show  with  the  stomach 
more  or  less  marked  congestion,  or  there  may  be  patches  marked  by  the  injection 
of  minute  vessels.  In  many  of  the  cases  examined  the  mucosa  was  pale  and  concealed 
by  a thin  layer  of  a grayish  pasty  consistency  made  up  largely  of  desquamated  epithe- 
lium. * * * In  the  large  intestine  we  find  more  or  less  hypergemia  and  pigmenta- 
tion in  longitudinal  lines  corresponding  to  the  summits  of  the  folds  of  the  mucous 
membrane.  This  condition  is  more  marked  in  the  caecum  and  rectum  than  in  the 
colon  and  seems  to  be  associated  with  the  constipated  condition.  Thus  the  caecum 
is  in  some  cases  distended  with  very  hard,  dry,  fecal  balls  and  some  may  be  found  in 
the  rectum.  In  some  cases  no  abnormal  condition  of  the  large  bowel  is  discoverable.  ’ ’ 

For  hemoglobinuria  of  cattle  Starcovici  says  that  in  the  duodenum  ecchymoses  or 
small  ulcers  are  constant;  the  mucosa  of  the  small  intestine  is  always  much  swollen 
and  covered  with  a thick,  yellowish  jelly-like  mass;  the  mucosa  of  the  large  intestine 
constantly  shows  ecchjmioses  and  swelling.  In  carceag  the  rectum  contains  hard 
or  soft  slimy  masses  of  manure  mixed  with  blood;  the  mucosa  regularly  has  exten- 
sive hemorrhages  along  the  folds,  and  the  bases  of  the  folds  are  covered  with  a 
crumbling  or  pulpy,  dirty  brown  scab. 

In  canine  piroplasmosis  there  is  a catarrhal  inflammation  of  the  small  intestine, 
more  intense  about  the  duodenum;  the  lumen  contains  a viscid  mucus  often  mixed 
with  blood;  the  large  intestines  are  slightly  but  not  uniformly  inflamed,  and  contain 
much  viscid  mucus  (Hutcheon).  Mucosa  is  infiltrated  and  congested  on  a level  with 
the  duodenum  in  a few  cases. 
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constipation;  diarrhea. 

Idaho. — The  bowels,  as  a rule,  are  constipated  and  the  abdomen  retracted,  but 
occasionally  marked  diarrhea  occurs;  there  is  no  tympanites  or  tenderness  of  the 
abdomen  (Fairchild,  1896).  Bowers  (1896,  p.  64)  reports  constipation  as  usual 
during  the  entire  illness.  According  to  Figgins  (1896,  p.  64)  the  bowels  are  either 
constipated  or  quite  loose;  in  some  cases  typhoid  symptoms  in  malignant  form  are 
noticed.  Springer  (1896,  p.’62)  says  that  the  bowels,  as  a rule,  are  constipated,  and 
Sweet  (1896,  p.  61)  agrees  that  constipation  is  usual,  although  diarrhea  sometimes 
occurs.  Maxey  (1899,  p.  435)  states  that  the  bowels  remain  constipated  throughout 
the  entire  course  of  the  disease. 

Montana. — Most  of  Gwinn’s  cases  (1896)  were  suffering  more  or  less  from  indiges- 
tion and  constipation  at  the  time  of  the  attack.  According  to  Wilson  and  Chowning 
(1903a,  p.  64;  1904a,  p.  40)  constipation  is  usually  present  from  the  beginning. 
According  to  Anderson  (1903c,  pp.  23,  29)  constipation  is  present  throughout  the 
course  of  the  attack;  tympanites  is  never  excessive;  there  is  occasionally  gurgling  in 
the  right  iliac  fossa.  In  case  119  improvement  was  interrupted  by  attack  of  acute 
indigestion.  Constipation  is  reported  for  cases  118  (p.  27)  and  121  (p.  36).  Bowels 
were  loose  from  the  onset  in  case  97  (p.  16),  and  they  were  regular  after  initial  con- 
stipation in  case  117  (p.  27). 

In  one  case  (Gates,  1903,  p.  49)  a number  of  watery  evacuations  were  produced  by 
the  action  of  elaterium.  Gates  (1905,  pp.  111-112)  reports  constipation  present  in  his 
cases  14  and  15;  in  case  14  the  bowels  became  loose  later. 

In  190T  the  bowels  were  at  first  normal  in  case  3,  but  after  use  of 
salt  enemata  they  became  loose  (May  10);  case  5 was  at  first  slightl}’ 
constipated,  but  the  bowels  afterwards  became  normal  (May  18);  in 
case  6 nothing  abnormal  was  noticed;  in  case  7 they  acted  regularl}^ 
and  without  assistance,  there  was  no  diarrhea;  in  case  10  they  were 
loose;  case  13  was  constipated. 

In  two  cases  1 examined  microscopically  for  intestinal  parasites, 
with  negative  results. 

Comparisons. — In  Texas  fever  the  bowels  are  as  a rule  constipated  during  the 
high  fever,  and  on  post-mortem  examination  the  large  bowels  (cecum  and  colon) 
are  found  in  some  cases  compactly  filled  with  small,  very  firm,  hard  balls  of  dung. 
As  the  fever  subsides  the  feces  again  become  softer  and  are  then  found  more  or  less 
deeply  tinged  with  bile.  In  hemoglobinuria  of  cattle  there  is  colic,  constipation, 
with  hard  feces  surrounded  by  bloody  mucus.  In  carceag  there  is  colic,  and  hard, 
bloody  stools. 

LIVER. 

Size. — Gwinn  (1902)  reports  slight  enlargement  of  the  liver  in  one  autopsy. 

The  liver  is  somewhat,  though  not  markedly,  enlarged  (Wilson  and  Chowning, 
1902a,  p.  133);  pain  on  pressure  is  absent  (1904a,  p.  40);  pale  in  color  and  of  normal 
consistency  (1904a,  p.  42);  the  capillaries  are  distended  with  blood  containing  an 
excess  of  leukocytes;  many  red  cells  contain. parasites;  the  infected  cells  are  frequently 
contained  within  phagocytes;  there  is  acute  parenchymatous  hepatitis,  with  very 
marked  fatty  degeneration ; some  of  the  cases  show  considerable  blood  pigment. 

Anderson  (1903c,  pp.  23,  31,  33,  36,  38)  reports  the  liver  as  normal  or  usually 
slightly  enlarged;  pale,  fatty  in  appearance;  in  parts  areas  are  outlined  by  bile  pig- 
ment; in  some  areas  outlined  by  enlarged  bile  ducts;  sections  usually  show  fatty  infil- 
tration, bile  capillaries  full. 

Wilson  and  Chowning  (1903a,  pp.  48,  51,  53,  54,  56,  58)  report  the  liver  as  normal 
in  size  for  case  94,  rather  swollen  for  case  97,  appreciably  enlarged  for  case  91,  some- 
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what  enlarged  for  89,  enlarged  though  not  markedly  so  for  case  93,  noticeably 
enlarged  for  case  107.  Anderson  (1903c,  p.  33)  reports  the  liver  as  enlarged  (weight 
92.5  ounces)  for  case  120. 

In  1901:  the  liver  was  not  enlarged  (on  May  10)  in  case  3;  in  case  11, 
on  post-mortem,  it  was  apparently  somewhat  enlarged. 

Comparison. — In  Texas  fever  and  hemoglobinuria  the  liver  is  reported  as  enlarged. 
In  canine  piroplasmosis  the  liver  may  be  normal  in  size  in  acute  cases  or  in  some 
cases  it  may  be  enormously  enlarged. 

Color. — The  liver  was  apparently  normal  in  color  in  cases  94,  97;  it  was  paler  than 
normal  in  cases  89,  91,  107,  and  quite  pale  in  case  93  (IVilson  and  Chowning,  1903a, 
pp.  48,  51,  53,  54,  56,  58);  it  was  pale  also  in  case  120  (Anderson,  1903c,  p.  33). 

In  1901,  the  liver  was  paler  than  normal  in  case  11,  with  5"ellowish 
tinge,  apparentl}^  due  to  fat. 

Comparisons. — In  Texas  fever  the  color  of  the  surface  is  usually  paler  than  in  nor- 
mal livers,  and  in  most  cases  of  a peculiar  mottled  appearance.  The  mottling  is  due 
to  minute  irregular  grayish-yellow  patches,  usually  1 mm.  or  less  in  diameter.  Star- 
covici  reports  the  liver  as  pale  and  marbled  in  hemoglobinuria  and  pale  in  carceag. 
Nuttall  reports,  in  reference  to  canine  piroplasmosis,  that  the  liver  in  an  acute  case 
was  yellowish;  it  is  usually  congested,  at  times  inflamed,  and  of  mahogany  or  saffron 
color. 

Section. — In  case  97  the  liver  cut  easily  and  was  quite  light  in  color  on  section;  in 
case  107  it  was  of  normal  consistency  and  showed  no  congestion;  in  case  89  it  showed 
no  adhesions,  and  in  cases  89,  91  it  was  of  normal  consistency  and  was  not  congested; 
it  was  normal  in  consistency  in  case  93  (Wilson  and  Chowning,  1903a,  pp.  48,  51, 
53,  54,  56,  58).  In  case  120  it  was  fatty  in  appearance,  and  in  some  areas  outlined 
by  engorged  bile  ducts  (Anderson,  1903c,  p.  33). 

In  19(>T,  section  of  the  liver  of  case  11  was  decided!}"  pale.  What 
little  blood  flowed  was  also  very  pale;  tissue  was  firm  but  apparently 
not  fibroid. 

Comparison. — In  Texas  fever,  when  incised,  the  parenchyma  of  the  liver  was 
remarkably  bloodless  in  most  cases,  and  a lac-colored  thick  blood  poured  from  the 
cut  ends  of  the  larger  hepatic  veins;  the  color  of  the  cut  surface  was  either  a uni- 
formly brownish-yellow  or  else  mottled  as  on  the  surface;  the  mottling,  on  closer 
scrutiny  with  the  naked  eye  or  hand  lens,  was  found  to  be  due  to  a paler  yellowish 
discoloration  of  the  zone  bordering  the  intralobular  veins;  this  zone  of  discoloration 
was  the  wider  the  more  prolonged  the  disease,  and  in  a few  cases  involved  the 
entire  lobule;  parallel  to  this  degenerative  process  the  consistency  of  the  organ 
became  less  resistant,  more  doughy,  and  brittle.  In  thin  razor  sections  of  fresh 
tissue  the  most  striking  phenomenon  was  the  filling  up  of  the  ultimate  bile  canali- 
culi  so  that  the  hepatic  cells  were  inclosed  in  polygons  of  yellow  lines  forming  a 
beautiful  network;  when  the  liver  is  teased  and  crushed,  the  contents  of  these  bile 
canaliculi  may  be  found  floating  free  in  the  form  of  rods,  sometimes  with  Y-shaped 
ends;  this  stasis  or  filling  up  of  the  ultimate  bile  capillaries  was  present  in  nearly  all 
animals  examined;  it  was  most  pronounced  in  those  whose  death  followed  quickly 
after  a high  fever;  in  one  case  killed  in  the  early  days  of  the  fever  the  liver  was  the 
seat  of  marked  congestion,  the  bile  stasis  not  having  taken  place  yet.  The  extent 
of  this  stasis  varies  considerably.  It  may  be  seen  in  small  isolated  areas  or  else  it 
may  involve  a large  continuous  territory.  Owing  to  absence  of  connective  tissue 
between  the  lobules  it  is  quite  impossible  in  fresh  sections  to  make  out  accurately 
its  distribution.  It  seems -to  be  most  frequently  met  with  in  the  innermost  or 
hepatic  zone  of  the  lobule,  but  it  may  also  be  found  involving  the  entire  lobule. 
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Small  bile  ducts  between  the  lobules  are  often  found  injected,  and  rarely  lines  of 
yellow  injection  may  be  visible  to  the  unaided  eye. 

‘'Associated  with  the  occlusion  of  the  biliary  canaliculi  and  ducts  is  a more  or  less 
extensive  fatty  degeneration  of  the  hepatic  cells.  This  is  most  advanced  in  pro- 
longed cases  of  disease.  In  several  which  came  under  our  observation  the  fatty 
changes  were  so  extensive  that  cells  free  from  large  quantities  of  fat  could  not  be 
seen.  Among  other  abnormal  appearances  may  be  mentioned  the  presence  of  irreg- 
ular yellow  clumps  of  pigment  in  the  hepatic  cells  and  of  stellate  masses  or  blood-red 
needle-like  crystals  of  very  minute  size.  In  one  case  large  branched  thrombi  were 
found  in  some  of  the  hepatic  veins.  * * * The  injection  of  the  bile  canaliculi  is 
seen  only  in  Muller's  fluid  preparations  or  in  alcoholic  material  cut  directly  without 
imbedding.  The  extent  and  location  of  the  injection  are  variable.  It  may  appear 
over  an  entire  lobule  or  only  a small  portion  of  it.  The  fatty  degeneration  so  regu- 
larly seen  in  fresh  material  shows  itself  in  sections  of  hardened  material  in  a peculiar 
vacuolated  appearance  of  the  cell  protoplasm,  the  fat  having  been  dissolved  out. 
The  vacuolation  may  be  more  pronounced  near  the  center  of  the  lobule,  where  the 
individual  vacuoles  may  be  as  large  as  red  corpuscles.  Of  these  there  may  be  several 
in  a single  cell,  very  little  of  the  protoplasm  remaining.  The  cell  protoplasm  of  the 
peripheral  zone  of  the  lobule  is  uniformly  vacuolated,  the  vacuoles  being  very  small. 

“Another  change  that  is  of  considerable  importance  in  estimating  the  pathological 
effect  of  the  disease  is  a tendency  toward  necrosis  of  the  inner  zone  of  the  lobule. 
This  process,  which  shows  itself  to  the  naked  eye  as  a faint  paler  mottling  of  the 
liver  tissue  limited  to  the  inner  zone  of  the  acini,  seems  to  begin  around  the  central 
vein  and  extend  toward  the  periphery.  It  is  characterized  by  a degeneration  and 
loss  of  the  nuclei  of  the  parenchyma  cells.  ’ ’ Smith  and  Kilborne,  1893,  pp.  28-30. 

Starcovici  reports  for  hemoglobinuria  that  the  center  of  the  lobule  is  necrotic  with 
gall  stasis.  In  carceag  the  liver  is  friable;  the  flner  changes  of  the  liver  consist  in  a 
collection  of  leukoc^des,  and  the  larger  vessels  show  here  and  there  gall  stasis,  and 
there  is  parenchymatic  degeneration  and  fatty  degeneration  of  liver  cells,  especially 
in  the  center  of  the  lobes. 

Xuttall  reports  for  canine  piroplasmosis  that  his  cases  showed  but  slight  gross 
changes. 

GALL  BLADDER. 

In  case  107  the  gall  bladder  and  its  contents  appeared  normal;  in  case  93  it  was 
distended  with  fluid  bile;  in  case  94  it  contained  l.-'^  ounces  of  fluid  of  a dark  yellow 
color,  and  the  gall  ducts  were  pahilous  (Wilson  and  Chowning,  1903a,  pp.  48,  54,  58). 

In  case  11  (1901:)  the  gall  bladder  was  distended  with  fluid  bile,  the 
ducts  were  patulous;  there  were  no  gallstones. 

CoiiPAEisox. — In  Texas  fever  the  bile  is  found  in  the  gall  bladder  in  considerable 
quantity  (one-half  pint  to  a quart)  after  death.  As  might  be  anticipated  from  the 
description  of  the  changes  in  the  liver,  this  fluid  is  greatly  altered.  The  usual  lim- 
pid greenish  fluid  is  replaced  by  an  almost  semisolid  mass.  As  it  flows  from  the 
incised  bladder  it  has  been  aptly  compared  to  chewed  grass.  The  presence  of  mucus 
makes  it  cohesive  enough  to  be  drawn  out  into  long  flat  bands  as  it  flows.  When  it 
is  allowed  to  stand  quietly  in  a cylindrical  vessel  a layer  of  flakes  settles  down,  which 
occupies  not  infrequently  one-half  of  the  entire  column.  The  supernatant  fluid  is 
much  darker  than  normal  bile.  The  suspended  matter  appears  to  be  made  up  chiefly 
of  small  yellowish  flocculi  or  flakes.  A deep-yellow  tinge  is  imparted  to  all  vessels 
and  to  the  hands  coming  in  contact  with  it.  When  examined  under  the  microscope 
the  suspended  particles  are  resolved  into  amorphous  yellowish  masses  mingled  with 
bright  golden  points  barely  visible  at  500  diametera.  The  common  bile  duct  has 
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always  been  found  pervious,  and  in  many  cases  an  abundance  of  bile  is  found  in  the 
small  intestine  (Smith  and  Kilborne,  1893,  p.  31). 

For  bovine  hemoglobinuria,  Starcovici  states  that  there  is  thick,  dark  bile  in  the 
gall  bladder. 

In  canine  piroplasmosis  the  bile  is  usually  thick,  sirupy,  grumous  or  dark  green, 
and  distends  the  gall  bladder. 

Thus,  if  ‘‘spotted  fever”  is  a piroplasmosis,  the  disease  differs  in  its 
effects  upon  the  gall  of  man  from  the  effects  shown  in  bovine  and 
canine  piroplasmosis. 

PANCREAS. 

Anderson  ''19o3''-  pp.  33,  38)  states  that  the  pancreas  is  about  twice  its  normal 
weight;  in  .ase  120  it  was  normal  in  appearance,  except  enlargement  (5  ounces). 

In  case  11  (1901)  the  pancreas  was  apparently  normal. 

Circulatory  System. 

HEART. 

Upon  autopsy,  the  epicardium  usually  contained  a few  petechial  hemorrhages  near 
the  base  of  the  left  ventricle;  pericardium  was  normal;  the  myocardium  was  softened ; 
the  right  ventricle  was  filled  with  dark  fluid  blood,  the  left  was  almost  empty  or 
contained  only  a small  clot;  the  capillaries  of  the  heart  are  distended;  there  is  not 
much  extravasation  of  red  cells,  but  considerable  round-cell  infiltration;  all  the  cases 
show  considerable  parenchymatous  degeneration;  those  cases  in  which  round-cell 
infiltration  is  marked  also  show  swelling  of  the  muscle-fiber  nuclei  with  fragmen- 
tation (Wilson  and  Chowning,  1904a,  pp.  41,  42). 

Pericardium. — The  pericardium  was  normal  in  cases  107,  89,  91,  93,  97,  and  94 
(Wilson  and  Chowning,  1903a,  pp.  48,  51,  52,  54,  56,  58);  also  in  case  120  (Anderson, 
1903c,  p.  33). 

The  pericardial  cavity  contained  an  excess  of  fluid  in  cases  107  and  91  (Wilson  and 
Chowning,  1903a,  pp.  48,  51);  fluid  was  not  increased  in  cases  93  and  97  (1903a,  pp. 
53,  56),  and  about  2 ounces  of  fluid  was  present  in  case  120  (Anderson,  1903c,  p.  33). 

In  case  11  (1904)  there  was  an  apparent  excess  of  clear,  straw-colored 
fluid. 

Epicardium  contained  no  hemorrhagic  areas  in  case  107 ; in  case  93  it  showed  on 
ventral  surface  of  left  ventricle  several  small  hemorrhagic  areas  (Wilson  and  Chown- 
ing, 1903a,  pp.  48,  54) . 

There  were  no  ecchymotic  areas  over  the  surface  of  the  heart  in  case  89;  in  cases 
97  and  94  there  were  hemorrhagic  areas  over  both  ventricles;  in  case  91  there  was 
one  small  ecchymotic  spot  in  the  right  ventricle  (Wilson  and  Chowning,  1903a,  pp. 
51,  53,  56,  58) . In  case  120,  there  were  a few  small  hemorrhages  over  the  left  ven- 
tricle near  the  interventricular  groove  under  the  pericardium;  small  chicken- fat 
clots  were  found  in  the  auricles  (Anderson,  1903c,  p.  33). 

The  heart  was  normal  in  size  in  cases  107,  97,  and  94  (Wilson  and  Chowning, 
1903a,  pp.  48,  56,  58);  it  was  somewhat  dilated  in  case  89  (1903a,  p.  51). 

In  case  11  (1904)  the  heart  was  distended  with  blood;  in  general,  it 
seemed  normal. 

The  muscle  was  normal  or  perhaps  a trifle  softened  in  case  107,  apparently  some- 
what softened  in  cases  91,  93,  and  soft  in  case  97  (Wilson'and  Chowning,  1903a,  pp. 
48,  53,  54);  much  softened  and  pale  in  case  89,  soft  in  case  97  (1903a,  pp.  51,  56).  In 
case  120  the  myocardium  of  the  right  heart  was  somewhat  pale  and  flabby  (Anderson, 
1903a,  p.  33). 
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In  case  11  (1904)  the  muscle  was  well  nourished. 

The  right  side  contained  dark-red  blood  in  case  107,  dark  fluid  blood  in  case  89; 
blood  in  cases  91  and  93  apparently  darker  than  normal  (Wilson  and  Chowning, 
1903a,  pp.  48,  51,  53,  54).  In  case  120  the  right  heart  was  half  filled  with  blood 
(Anderson,  1903a,  p.  33). 

In  case  11  (1904)  the  right  side  contained  small  clots,  white  and  red. 

The  left  heart  was  contracted  and  empty  in  cases  107  and  89;  it  was  empty  in  case 
91;  there  was  small  clot  in  left  heart  of  case  93  (Wilson  and  Chowning,  1903a,  pp. 
48,  51,  53,  54). 

In  case  11  (1904)  the  left  ventricle  was  partially  con^i acted  and  con- 
tained chicken-fat  and  red  clots. 

In  case  97  the  valves  were  normal  (Wilson  and  Chowning,  1903a,  p.  56). 

In  case  11  (1904)  the  valves  of  both  sides  were  apparently  normal. 

The  endocardium  was  normal  in  case  94  (Wilson  and  Chowning,  1903a,  p.  58)  and 
120  (Anderson,  1903c,  p.  33). 

Gates  (1905,  pp.  111-113)  reports  that  heart  sounds  were  normal  in  case  14;  the 
heart  action  was  weak  in  case  16  from  first  day  and  became  very  weak  and  irregular, 
with  low  arterial  pressure. 

In  1904  the  heart  sounds  were  clear  and  normal  in  cases  3,  5,  7, 
and  11. 

Comparison. — In  Texas  fever  at  autopsy  the  right  ventricle  is  always  distended 
with  blood,  fluid  or  clotted,  according  to  the  time  elapsing  between  death  and  the 
examination.  The  left  ventricle  is  usually  firmly  contracted  and  may  contain  a 
small  quantity  of  fluid  or  clotted  blood.  The  clots  are  quite  firm  and  very  rarely 
mixed  with  firmer,  pale-yellowish  clots.  Avery  constant  lesion  is  the  extravasation 
of  blood  beneath  the  epicardium  and  endocardium.  This  is  mainly  restricted  to  the 
left  ventricle,  although  i^etechise  are  not  infrequently  met  with  on  the  right  ventricle. 
On  the  external  surface  of  the  heart  the  petechiie  are  usually  grouped  along  the 
interventricular  groove  and  near  the  base,  although  cases  occur  in  which  the  whole 
ventricular  surface  is  sprinkled  over  with  them.  The  inner  surface  of  the  left  ven- 
tricle shows  larger  patches  of  extravasation,  usually  on  or  at  the  base  of  the  papillary 
muscles.  On  the  large  vessels  at  the  base  of  the  heart  within  the  pericardial  sac 
there  are  frequently  very  delicate  shreds  of  tissue  or  patches  in  a hyperaemic  condi- 
tion. The  heart  muscle,  on  closer  inspection,  is  observed  to  have  its  minute  vessels 
markedly  iniected,  and  in  fresh  sections  the  capillary  network  is  found  densely 
packed  with  red  corpuscles.  In  cases  which  have  succumbed  after  the  subsidence 
of  the  fever  the  heart  muscle  is  quite  pale.  Cloudy  and  fatty  changes  of  the  fibers 
are  in  some  cases  quite  marked,  in  others  absent  or  restricted  to  a small  number  of 
fibers  (Smith  and  Kilborne,  1893,  p.  26). 

In  carceag  the  pericardium  and  pleura  usually  show  abundant  ecchymoses. 

In  canine  piroplasmosis  the  pericardium  contains  a variable  amount  of  serous 
fluid;  ecchymoses  are  around  the  heart,  largely  in  left  ventricle  (Hutcheon);  in 
France  it  is  reported  that  the  pericardium  contains  yellow  or  bloody  fluid;  not 
infrequently  one  observes  numerous  petechiie  about  the  apex  or  beneath  the  endo- 
cardium of  the  left  heart;  the  heart  may  be  pale  (acute  case) . 

AORTA. 

In  chS6  11  (1904)  tb©  nrcli  ol  tb©  tiortci  s©©m©(i  iinusuhlly  snitill. 
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PULSE. 

Idaho. — The  pulse  is  more  or  less  accelerated,  often  greatest  at  the  beginning  of 
convalescence;  in  the  onset  it  is  sluggish  and  lacks  force;  in  fatal  cases  it  is  not 
usually  greatly  quickened;  it  may  be  slower  than  in  health  (Bowers,  1896,  p.  63). 
Collister  (1896,  p.  63)  says  that  it  does  not  run  very  high,  not  often  above  110  in 
adults.  Fairchild  (1896)  reports  it  as  usually  slow  and  full,  from  85  to  110.  Springer 
(1896,  p.  62)  gives  it  as  100  to  130  in  ordinary  cases.  Maxey  (1899,  p.  435)  reports 
it  from  80  to  120  per  minute,  at  first  full  and  bounding,  later  becoming  soft,  but  not 
irregular. 

Montana. — At  first  the  pulse  is  full  and  strong,  it  gradually  gains  in  rapidity  and 
loses  in  strength  and  volume  (Gwinn,  1902).  According  to  McCullough  (1902,  p. 
226)  the  pulse  varies  from  80  to  120  in  typical  cases,  and  lacks  volume  and  regularity 
as  the  disease  advances.  Wilson  and  Chowning  (1902a,  p.  133;  1903a,  p.  63;  1904a, 
p.  38)  say  that  at  the  onset  the  pulse  is  usually  full  and  strong,  but  gradually 
becomes  more  and  more  rapid  while  it  loses  in  volume  and  strength,  very  much  as 
in  diphtheria;  in  fatal  cases  in  adults  it  may  reach  150  per  minute  some  days  before 
death;  the  rapidity  of  the  pulse  is  sometimes  out  of  all  proportion  to  the  tempera- 
ture, as  may  be  also  the  respiration. 

Anderson  (1903a,  p.  507;  1903c,  p.  22)  reports  that  the  pulse  appears  out  of  all 
proportion  to  the  temperature,  usually  running  from  110  to  140.  A pulse  of  120  is 
not  unusual  with  a temperature  of  102°;  it  is  rather  thready,  though  sometimes  full 
and  strong,  occasionally  dicrotic  in  the  first  week  (1903c,  p.  22).  In  case  120  (1903a, 
p.  29)  the  circulation  was  feeble  on  compressed  areas  and  extremities. 

Gates  (1903c,  pp.  48,  49)  reports  186  as  the  highest  pulse  rate  observed;  one  case 
at  the  end  of  the  first  week  was  almost  pulseless;  he  reports  (1905,  p.  112)  slow  pulse 
and  repeated  chills  as  special  features  of  his  case  14. 

CoMPAEisox. — In  Texas  fever  the  pulse  and  respiration  rise  with  the  fever.  * * * 
As  the  fever  subsides  and  recovery  begins  the  great  weakness  of  the  animal  still 
keeps  the  pulse  very  high  for  a time,  especially  when  the  animal  is  moved  about  or 
excited  in  any  way.  The  respirations,  on  the  other  hand,  are  apt  to  fall  below  the 
normal  in  this  same  period.  When  death  approaches  the  heart  beats  increase  in 
number  as  they  grow  feebler,  and  the  respirations  fall  with  the  body  temperature 
below  the  normal.  (Smith  and  Kilborne,  1893,  p.  18.) 

In  canine  piroplasmosis  the  pulse  is  weak  and  rapid;  in  acute  cases  it  beats  120  to 
160  a,  minute,  is  thready,  and  often  intermittent. 

HEMORRHAGE. 

See  also  Epistaxis,  page  52. 

There  is  a marked  tendency  to  hemorrhage — nose,  throat,  lungs,  and  bowels,  each 
have  been  known  to  be  affected,  and  the  blood  loses  power  of  coagulation.  (iMcCul- 
lough,  1902,  p.  226.) 

BLOOD. 

Referring  to  their  table,  Wilson  and  Chowning  (1904a,  pp.  39,  40)  conclude  that  the 
blood  shows  a marked  reduction  of  red  blood  cells  and  hemoglobin,  with  a slight 
increase  of  leukocytes  at  times;  the  reduction  of  red  cells  is  particularly  marked  just 
before  death  in  fatal  cases,  and  in  recovering  cases  just  before  convalescence.  Prepa- 
rations taken  from  organs  at  autopsy,  as  well  as  those  from  the  living  patient,  show  a 
marked  poikilocytosis  and  anemia.  (Wilson  and  Chowning,  1903a,  p.  67.) 

None  of  the  cases  1 to  11  (1901)  were  in  a condition  which  would 
strike  the  observer  as  being-  anemic.  A blood  count  might  have  shown 
some  tendency  to  anemic  condition,  but  from  the  general  appearance 
of  the  patients  such  condition  was  not  evident. 


64 


Comparisons. — In  Texas  fever,  hemoglobinuria,  carceag,  and  canine  piroplasmosis, 
anemia  is  reported  as  present  and  in  many  cases  as  pronounced  or  intense.  If 
“spotted  fever”  is  a piroplasmosis,  the  action  of  the  parasites  in  respect  to  anemia  is 
far  below  the  action  of  other  members  of  the  genus  Piroplasma. 

CONSISTENCY  AND  COLOR. 

Gwinn  (1902)  took  blood  in  five  or  six  cases  from  the  arm,  and  in  all  of  them  it 
Was  found  to  be  dark  and  thick,  with  the  power  of  coagulation  partly  or  entirely  lost; 
it  regained  a bright  scarlet  color  upon  being  shaken  up  with  the  air.  These  facts, 
taken  together  with  the  frequent  eruption,  the  frequent  complication  of  gangrene,  and 
the  fact  that  the  whole  system  seems  to  be  affected,  naturally  would  lead  one  to  sus- 
pect the  blood  to  be  the  part  mostly  affected.  He  also  speaks  of  “the  really  thick 
unoxygenated  blood.” 

Wilson  and  Chowning  (1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  38)  state  that  when 
removed  for  examination  the  blood  appears  somewhat  darker  than  normal,  as  well 
as  somewhat  less  fiuid;  on  exposure  to  air  the  color  brightens  perceptibly. 

In  the  Bitter  Root  Valley  cases  of  1904  the  dark,  thickened  condi- 
tion of  the  blood  was  a very  prominent  symptom.  Not  infrequently 
the  blood  was  so  thick  and  flowed  so  slowly  as  to  be  of  some  inconven- 
ience in  making  blood  smears.  In  case  3,  1 cut  into  a blood  vessel 
within  fifteen  minutes  after  death,  and  the  blood  was  so  thick  that  I 
had  to  add  salt  solution  in  order  to  draw  the  blood  into  a syringe.  In 
case  11,  the  blood  was  so  thick  about  12  hours  before  death  that  the 
operation  of  bleeding  the  patient  was  performed  with  difficulty. 

Comparison. — For  Texas  fever.  Smith  and  Kilborne  (1893,  p.  21)  describe  the 
blood  as  follows:  “Another  character  of  this  disease,  the  most  constant  and  valuable 
of  all  and  of  which  the  hsemoglobinuria  or  “ red  water”  is  but  a part,  is  the  thinness 
of  the  blood.  * * * Soon  after  the  high  temperature  sets  in  the  blood  begins  to 
grow  thin,  and  after  some  days  of  fever  it  has  become  very  pale  and  watery.  * * * 
The  difference  between  the  drop  of  rich  red  blood  issuing  from  a slight  cut  of  the 
skin  in  healthy  cattle  and  the  thin,  pale  drop  oozing  from  such  a cut  in  Texas  fever 
is  very  marked.  This  difference  is  due  to  the  loss  of  red  corpuscles  which  give  the 
blood  its  characteristic  color.  Associated  with  this  there  maybe  in  some  cases,  a 
marked  bloodlessness  of  the  skin  in  the  later  stages.  A number  of  small  incisions  are 
often  required  to  obtain  a few  drops  of  blood.  In  some  cases,  shortly  before  death, 
the  blood  slowly  trickles  from  a slight  incision  for  some  time  before  it  is  checked  by 
the  natural  process  of  coagulation. 

“When  freshly  drawn  blood  is  allowed  to  stand  the  serum  forced  out  of  the  clot 
has  in  the  acute  stage  a very  dark-red  color,  indicating  the  presence  of  much  color- 
ing matter  in  solution.  As  regards  the  coagulability,  which  some  observers  have 
regarded  as  feeble,  we  have  no  facts  pointing  in  one  direction.  In  a few  cases  the 
coagulation  appeared  retarded;  in  others  it  appeared  to  be  normal  in  rapidity  and 
effectivenes^s.  As  will  seen  further  on,  the  condition  of  the  blood  must  vary  consid- 
erably from  time  to  time.  At  one  time  it  may  contain  the  debris  of  destroyed  corpuscles 
equal  in  number  to  one-tenth,  or  even  one-fifth,  of  all  circulating  in  the  body.  That 
under  such  circumstances  its  coagulability  may  be  affected  is  evident.  Frequently, 
however,  the  blood  comes  under  observation  when  the  destruction  of  red  corpuscles 
has  ceased,  and  the  products  have  either  been  excreted  or  metamorphosed.  In  this 
way  conflicting  observations  may  perhaps  be  harmonized.  In  general,  we  may  say 
that  the  coagulability  of  the  blood  is  not  much  altered.” 

Starcovici  reports  the  blood  in  hemoglobinuria  as  pale  and  lac-colored. 
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Nuttall  (1904,  pp.  235,  236,  237)  reports  the  blood  in  canine  piroplasmosis  as  pro- 
foundly altered,  pale  and  watery,  and  with  coagulation  retarded;  the  serum  is  tinged 
with  hemoglobin. 

The  difference  in  the  blood  in  ‘‘spotted  fever”  on  the  one  hand, and 
in  piroplasmatic  diseases  on  the  other  hand,  is  thus  seen  to  be  quite 
marked.  In  a piroplasmosis  we  naturally  expect  to  find  marked 
changes  in  the  blood;  but  from  our  present  knowledge  it  would  appear 
that  in  Texas  fever,  hemoglobinuria,  and  canine  piroplasmosis  these 
changes  are  in  one  direction  (the  blood  becoming  thin,  watery,  and 
pale),  while  in  “spotted  fever”  the}-  are  in  the  opposite  direction  (the 
blood  becoming  thick,  molasses  like,  and  dark).  If  now  “spotted 
fever”  be  a true  piroplasmosis,  it  would  seem  that  a genus  [Piro- 
plasma)  of  protozoa  has  very  different  effects  upon  the  blood  of  man 
from  those  noticed  in  cattle  and  dogs. 

Viewed  from  the  consistency  of  the  blood,  the  condition  noted  in 
‘ ‘ spotted  fever  ” can  not  at  present  be  said  to  support  the  theory  that 
this  disease  is  a true  piroplasmosis. 

RED  CELL  COUNT. 

Wilson  and  Chowning  (1902a,  p.  133;  1903a,  p.  64)  appear  to  be  the  first  to  give 
the  red  cell  count  in  this  disease;  they  found  it  to  be  4,100,000,  4,200,000,  4,300,000, 

4.400.000,  and  4,500,000,  respectively,  in  5 cases  examined;  they  call  attention  to  the 
fact  that  these  counts  were  made  in  an  altitude  of  about  3,500  feet,  where  the  normal 
count  is  above  rather  than  under  5,500,000;  they  give  a table  of  counts  (1904a,  p.  39) 
for  cases  89,  94,  107,  115-120, 122-124.  Anderson  gives  blood  counts  for  several  cases 
and  concludes  (1903a,  p.  507;  1903c,  p.  22)  that  there  is  a progressive  decrease  in  red 
cells,  but  as  soon  as  the  temperature  becomes  normal  an  increase  begins. 

Comparison. — In  Texas  fever  there  is  a tremendous  decrease  in  the  red  cell  count. 
Thus,  Smith  and  Kilborne  (1903,  pp.  38  to  41)  report  a decrease  in  acute  cases  from 

6.290.000,  July  31,  to  2,025,000,  August  28;  7,171,000,  August  13,  to  1,675,000,  August 
29;  5,000,000,  August  13,  to  2,645,000,  August  25. 

In  the  mild  nonfatal  type  the  decrease  is  slower. 

For  canine  piroplasmosis  Nuttall  (1904,  pp.  238-239)  reports  the  following  cases: 
Typical  acute  case,  5,240,000  first  day  to  2,200,000  late  the  fifth  day;  typical  chronic 
case,  5,840,000  first  day  to  1,200,000  late  the  fifteenth  day. 

LEUKOCYTES. 

Wilson  and  Chowning  (1902a,  p.  133;  1903a,  p.  64)  report  a slight  increase  of 
leukocytes — from  12,000  to  13,000  (or  14,000,  see  1903a,  p.  50) — in  4 cases  examined; 
further  counts  are  given  in  1904a,  p.  39. 

Anderson  (1903a,  p.  507;  1903c,  p.  22)  says  that  the  white  cells  are  increased  in 
number,  varying  from  8,000  to  12,000,  the  most  interesting  feature  being  an  increase 
in  the  large  mononuclears,  which  in  an  average  of  2 cases  gave  11.4  per  cent. 

Polymorphonuclear  leukocytes 77.7 

Large  mononuclear  leukocytes 11.  4 

Small  lymphocytes 10.0 

Eosinophiles 9 
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In  case  11  (1901)  the  leukocytes  ran  np  to  15,600  (Ashburn).  It  is 
a point  of  some  interest  that  the  increase  in  large  mononuclears,  as 
reported  by  Anderson,  is  in  harmony  with  protozoan  infection  in  so 
far  that  in  malaria  and  kala-azar  there  is  also  an  increase  in  lare-e 
mononuclears,  but  in  canine  piroplasmosis  it  is  the  pol}muclears  which 
are  increased. 

Comparisons. — For  Texas  fever  Smith  and  Kilborne  (1893,  p.  50)  say:  “Any 
unusual  increase  in  numbers  was  not  noted  in  stained  preparations  of  any  case  wdiich 
came  under  observation.  In  some  cases  an  abnormal  crowding  together  of  leukocytes 
was  observed  in  dried  preparations,  which  crowding  must  be  regarded  as  having 
existed  within  the  blood  vessels,  for  there  was  no  time  for  any  massing  together 
after  the  blood  had  left  the  vessels.” 

In  canine  piroplasmosis  there  may  be  considerable  leukocytosis,  the  number  of 
leukocytes  being  increased  2,  3,  or  4 times  the  normal,  so  that  instead  of  having 
7,000  to  8,000  (normal),  as  many  as  40,000  may  be  counted;  the  multiplication 
almost  entirely  affects  the  polynuclear  elements,  this  being  especially  marked  in 
slow- running  cases  (Xuttall,  1904,  p.  238). 

HEMOGLOBIN 

In  5 cases  examined  during  various  stages  of  the  disease,  the  hemoglobin  was  50  to  60 
per  cent;  one  child  of  12  years,  examined  2 months  after  convalescence,  showed  Hb.  80 
per  cent  (Wilson  and  Chowning,  1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  40).  Anderson 
(1903a,  p.  507;  1903c,  p.  22)  reports  a steady  but  never  very  rapid  decrease  in  the 
percentage  of  hemoglobin,  one  case  going  as  low  as  50  per  cent. 

Comparison.^ — For  canine  piroplasmosis  (Xuttall,  1904,  p.  238)  there  is  a great  fall 
in  the  percentage  of  hemoglobin,  namely,  to  13,  12,  6.4,  or  even  to  3.5  per  cent. 

AVIDAL  TEST. 

The  Widal  reaction  with  Bacillus  typhosus  is  not  present.  (Wilson  and  Chowning, 
1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  40;  Anderson,  1903a,  p.  507;  1903c,  pp.  22,  33, 
37.) 

PARASITES. 

See  also  page  19. 

Freshly  drawn  blood  from  patients  during  their  illness  when  examined  with  a one- 
twelfth  oil  immersion  objective  shows  parasites  sparingly  in  the  red  blood  cells 
(Wilson  and  Chowning,  1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  40).  Blood  was  exam- 
ined from  3 recovered  cases,  1 of  2 months,  1 of  1 year,  and  1 of  2 years  without  find- 
ing the  hematozoon  (1903a,  p.  64;  1904a,  p.  40).  Case  115,  examined  14  days  after 
patient  had  been  discharged  by  physician,  still  showed  parasites  in  the  blood  (1904a, 
p.  40). 

Anderson  (1903a,  1903c)  also  reports  the  parasites  in  the  blood. 

Ashburn  and  I have  failed  to  contirm  these  observations;  see 
pages  19. 

Comparison. — It  will  be  recalled  that  Wilson  and  Chowning  state  that  in  “spotted 
fever”  probably  not  over  0.2  per  cent  of  the  red  cells  in  the  circulating  blood  are 
infected,  but  the  parasites  are  more  common  in  the  spleen  and  in  certam  other  por- 
tions of  the  body. 

For  Texas  fever.  Smith  and  Kilborne  (1893,  pp.  61-65)  state  that  the  numbers  of 
infected  corpuscles  circulating  in  the  blood  during  the  high  fever  is  usually  quite 
small;  0.1  to  1 per  cent  would  be  a fair  estimate  in  most  cases.  Toward  the  fatal 
termination  there  may  be  from  5 to  10  per  cent  of  the  corpuscles  with  the  pyriform 
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parasites  present.  Larger  numbers  of  parasites  are  found  within  corpuscles  in  the 
capillary  blood  of  congested  areas,  as  is  seen  by  the  following  table  of  a case  in 
which  2 to  3 per  cent  of  the  circulating  corpuscles  were  infected  before  the  cow  was 
killed: 

“In  blood  from  skeletal  muscles,  very  few  infected  corpuscles. 

“In  blood  from  the  right  heart,  very  few  infected  corpuscles. 

“In  blood  from  marrow  of  sixth  rib,  very  few  infected  corpuscles. 

“In  blood  from  the  left  heart,  2 to  3 per  cent  infected  corpuscles. 

“In  blood  from  lung  tissue,  2 to  3 per  cent  infected  corpuscles. 

“ In  liver  tissue,  10  to  20  per  cent  infected  corpuscles. 

“In  kidney  tissue,  10  to  20  per  cent  infected  corpuscles. 

“In  hypera&mic  fringes  of  omentum,  50  per  cent  infected  corpuscles. 

“In  heart  muscle,  50  per  cent  and  many  free  parasites.” — Smith  and  Kilborne, 
1893,  page  62. 

In  some  cases  the  liver  blood  was  infected  to  40  or  50  per  cent,  and  kidney  blood 
to  80  or  90  per  cent. 

Starcovici  reports  for  hemoglobinuria  that  90  per  cent  of  the  corpuscles  in  the  kid- 
neys may  show  infection,  but  fewer  infected  corpuscles  are  found  in  the  circulating 
blood.  In  carceag  the  blood  in  the  spleen  and  in  the  hemorrhagic  edema  may  be 
infected  to  5 or  10  per  cent.  In  the  larger  vessels  scarcely  1 per  cent. 

For  canine  piroplasmosis,  Xuttall  (1904,  p.  228)  reports  that  the  parasites  occur  in 
the  blood  throughout  the  body,  being  most  numerous  in  the  internal  organs. 

SPLEEN. 

The  spleen  is  uniformly  enlarged  and  tender  on  palpation  (Wilson  and  Chowning, 
1902a,  p.  133;  1903a,  p.  64;  1904a,  p.  40).  It  was  3 to  3^  times  its  normal  weight; 
the  capsule  was  distended  and  thinned;  on  section  the  tissue  was  found  dark  red 
and  so  soft  as  to  be  in  most  cases  confluent;  the  outlines  of  the  Malpighian  bodies 
were  obliterated;  the  omentum  covering  the  spleen  was  usually  congested  (Wilson 
and  Chowning,  1904a,  p.  41).  The  spleen  shows  an  engorgement  with  red  blood 
cells  and  leukocytes;  the  outline  of  the  Malpighian  bodies  are  lost;  there  is  a marked 
infiltration,  of  leukocytes,  mostly  of  the  polynuclear  type,  in  the  region  of  the  Mal- 
pighian bodies;  there  is  much  blood  pigment,  both  free  and  within  phagocytes;  many 
piroplasmata  are  present,  both  free  and  within  red  cells,  many  of  which  have  been 
taken  up  by  phagocytes. 

According  to  Anderson  (1903c,  p.  23),  the  spleen  is  enlarged  early  and  may  extend 
1 or  2 inches  below  the  costal  margin;  on  post-mortem  (1903c,  x>.  38)  it  is  usually 
purple  in  color,  soft,  diffluent,  and  from  3 to  4 times  its  normal  weight;  the  vessels 
are  engorged  with  blood;  many  mononuclears  are  present  containing  from  1 to  4 red 
blood  cells;  there  is  no  free  pigment.  In  case  35  (1903c,  p.  13)  the  spleen  was 
much  increased  in  size,  and  this  was  the  only  abnormal  appearance  at  post-mortem; 
in  case  121  (1903c,  pp.  35-36)  it  was  enlarged  and  easily  palpable  1 inch  below 
costal  margin. 

Comparison. — In  Texas  fever  the  grayish  Malpighian  bodies  and  the  whitish 
trabeculae  have  all  disappeared  from  view  within  the  distended  pulp;  a microscopic 
examination  shows  that  the  enlargement  and  peculiar  color  of  the  spleen  tissue  is 
due  to  an  engorgement  with  red  blood  corpuscles.  With  this  engorgement  there 
may  be  associated  a variable  number  of  large  cells  containing  coarse  granules  and 
from  2 to  12  red  corpuscles,  or  else  the  remains  of  these  corpuscles  in  the  form  of 
irregular  clumps  of  yellowish  pigment.  The  pigment  is  also  free  in  masses  of  vari- 
able size.  Examination  of  fresh  pulp  from  siileens  of  healthy  cattle  shows  that  the 
presence  of  large  quantities  of  free  pigment  of  the  form  described  is  not  uncom- 
mon. (Smith  and  Kilborne,  1893,  page  28.) 

In  carceag  the  follicles  are  usually  indistinct  and  the  spleen  is  hyperemic. 
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In  hemoglobinuria  of  cattle  the  follicles  are  seldom  distinct. 

Size. — The  size  and  weight  of  the  spleen  on  post-mortem  have  been  reported  as 
follows: 

7 ounces  after  4 hours  in  paper,  case  No.  107,  Wilson  and  Chowning,  1903a, 
page  48. 

9 ounces,  case  No.  94,  Wilson  and  Chowning,  1903a,  page  58. 

17  ounces,  after  12  hours  in  paper,  case  No.  3,  Wilson  and  Chowning,  1903a,  page  54. 

22  ounces,  after  8 hours  in  paper,  case  No.  91,  Wilson  and  Chowning,  1903a,  page  53. 

25  ounces,  after  12  hours  in  paper,  case  No.  107,  AVilson  and  Chowning,  1903a, 
page  48. 

3 times  normal  weight,  case  No.  97,  AA'ilson  and  Chowning,  1903a,  page  56. 

20  ounces,  1 hour  after  removal,  case  No.  120,  Anderson,  1903c,  page  33. 

In  cases  of  190T,  it  was  enlarged  in  Nos.  3,  7,  10,  and  11;  dullness 
was  increased  in  case  5,  but  not  obtainable  in  case  8. 

Comparison. — The  spleen  is  enlarged  in  Texas  fever  (very  much  enlarged,  hence 
the  name  splenic  fever),  in  hemoglobinuria  in  cattle,  and  in  carceag  in  sheep,  and  is 
often  3 to  4 times  natural  size  in  canine  piroplasmosis. 

Color. — The  spleen  is  reported  as  dark  in  cases  91,  94,  107,  120;  very  dark  in  cases 
93,  97. 

In  1901  the  spleen  of  case  No.  11  on  post-mortem  tvas  of  a slaty 
purple  in  color. 

Comparison. — In  Texas  fever  the  spleen  is  reported  as  dark  brownish-red,  dark  in 
hemoglobinuria  of  cattle;  in  canine  piroplasmosis  it  is  reported  as  “pale,  bloodless, 
like  other  organs;  scarcely  stains  paper  when  smeared  thereon”  (Robertson);  Nut- 
tall  observed  little  change;  in  France  it  is  dark. 

Capsule. — The  capsule  of  the  spleen  is  reported  as  stretched  and  thin  in  cases  89, 
91,  93,  107;  it  stripped  easily  in  cases  94,  97. 

Comparison. — In  Texas  fever  the  ordinarily  rather  thick  whitish  capsule  is 
very  much  distended  and  attenuated,  so  that  the  dark  pulp  shows  through  it  very 
distinctly. 

Pulp. — The  spleen  pulp  is  reported  as  soft  and  diffluent  in  cases  89,  91,  93^  107, 120; 
almost  fluid  and  deep  red  in  case  97;  decidedly  diffluent,  of  deep  yellowish-red  color, 
in  case  94. 

In  case  11  of  1901,  the  spleen  was  soft  and  easily  torn. 

Comparison. — In  Texas  fever  the  pulp  may  be  firm  or  it  may  be  partly  diffluent, 
welling  out  as  a semifluid  mass  from  the  incised  retracting  capsule.  It  is  reported 
as  soft  in  carceag  and  canine  piroplasmosis  ( France). 

Adhesions.- — In  case  93  (of  1902),  the  spleen  was  adherent  to  the 
gut.  In  case  11  of  1901,  it  was  bound  down  by  posterior  adhesions, 
and  adhesions  to  stomach. 

In  case  107  the  portion  of  the  omentum  covering  the  spleen  was  darkened  and 
apparently  disintegrating;  in  case  89  it  was  dark,  congested,  and  soft;  in  case  91  it 
was  pale  and  apparently  normal;  in  case  93  it  did  not  differ  from  the  omentum  else- 
where (Wilson  and  Chowning,  1903a,  pp.  48,  51,  54). 

TEMPERATURE. 

CHILL. 

Idaho. — During  the  first  week  following  the  malaise  the  patient  complains  of  chilly 
feelings  (Bowers,  1896,  jr.  63).  Some  cases  begin  with  a severe  chill,  and  others 
with  more  or  less  chilly  shudderings  frequently  referred  to  the  spinal  region;  still 
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others  with  little  or  no  chill  (Collister,  1896,  p.  63).  The  disease  is  sometimes  ush- 
ered in  by  a chill  (Fairchild,  1896,  p.  62).  Figgins  (1896,  p.  64)  states  that  the  attack 
begins  with  a chill.  According  to  Springer  ( 1896,  p.  61 ),  the  chill  follows  the  malaise. 
INlaxey  (1899,  p.  435)  states  that  the  patient  feels  flashes  of  heat  and  cold,  but  no 
marked  chill. 

Montana. — The  attack  comes  on  by  either  a well-marked  chill  or  by  chilliness, 
simultaneous  with  fever;  the  chilliness,  although  most  severe  at  the  onset  often  con- 
tinues more  or  less  throughout  the  attack,  coming  on  at  intervals,  generally  mornings, 
and  becoming  lighter  day  after  day  until  within  a week  or  so  it  seems  but  little  more 
than  chilliness  from  light  covering  (Gwinn,  1902).  According  to  McCullough  (1902, 
p.  226),  the  onset  may  be  marked  by  a sudden  and  severe  chill  or  by  slight  chilly 
sensations,  mostly  in  the  morning.  Wilson  and  drowning  (1902a,  p.  132;  1903a, 
p.  61;  1904a,  p.  37)  report  that  the  malaise  is  followed  by  a well-marked  chill,  which 
is  usually  most  severe  at  the  beginning  and  recurs  at  irregular  intervals,  though  with 
decreasing  severity.  Anderson  (1903a,  p.  507 ; 1903c,  p.  21)  states  that  for  a few  days 
the  patient  may  have  chilly  sensations,  and  Anally  there  is  a well-marked  chill;  he 
reports  cases  as  follows: 

Case  97  began  with  chills  and  vomiting,  and  with  a rapid  rise  in  temperature  (pp. 
16-17). 

Case  115  was  bitten  by  ticks  April  1;  complained  of  being  chilly  on  April  7 or  8 
(p.  24). 

Case  116  was  bitten  by  tick  April  13;  severe  chill  on  April  19  (p.  26), 

Case  117  was  bitten  by  tick  April  16;  marked  chill  on  April  20  (p.  27). 

Case  118  was  bitten  by  tick;  chill  April  20  (p.  27). 

Case  120  found  tick  bites  April  28;  had  chill  same  day  (p.  29). 

Gates  (1903,  p.  48)  reports  for  one  patient  a hard  chill  during  the  last  of  the  1st 
week;  he  (1905,  pp.  111-112)  also  reports  chill  for  cases  11  and  14,  in  the  latter  case 
10  days  after  the  bite;  later  the  chill  recurred;  pronounced  chill  for  case  16. 

During  the  190T  season,  chills  occurred  in  cases  2,  3,  5,  6,  8,  and  9. 

CoMPAEisoN. — Chills  are  reported  for  carceag. 

FEVER. 

Idaho. — During  the  flrst  week  following  the  incubation,  the  patient  takes  to  bed 
with  a temperature  of  102°  to  105°  F.,  pulse  90  to  120;  in  favorable  cases  and  in  those 
of  moderate  severity  there  is  a gradual  decline  in  fever  during  the  second  week;  the 
temperature  varies  in  different  cases;  there  is  a daily  rise  during  the  flrst  4 or  5 days; 
the  evening  temperature  is  about  1°  to  1J°  higher  than  the  morning  remission;  a 
temperature  of  102^°  to  104°  is  not  uncommon  by  the  fourth  or  fifth  day;  having 
reached  its  acme,  the  fever  persists  for  several  days;  at  the  end  of  the  second  and 
during  the  third  week  the  fever  falls  by  lysis  to  an  evening  record  of  98.4°  (Bowers, 
1896,  p.  63).  According  to  Collister  (1896,  p.  63)  the  febrile  stage  gradually  follows 
the  chill;  it  continues  2 or  3 weeks;  it  is  not  common  to  find  a temperature  over  103°, 
except  in  occasional  cases.  Fairchild  (1896)  states  that  in  some  cases  febrile  action 
runs  high;  it  usually  ranges  from  101°  to  104^°  or  105°,  and  is  continuous,  showing 
but  slight  remissions.  Figgins  (1896,  p.  64)  reports  the  fever  as  remittent;  the  tem- 
perature ranges  from  100°  to  105°;  pulse,  100  to  120.  Springer  (1896,  p.  61,  62)  says 
that  after  the  chill  the  fever  sets  in,  ranging  from  103°  to  105°;  the  fever  ranges  high 
and  continues  from  10  to  14  days;  then  it  intermits  for  the  following  week  or  two. 
Zipf  (1896,  p.  65)  says  that  the  usually  sudden  onset  is  accompanied  by  high  fever; 
the  fever  is  continuous,  lasting  one  to  two  weeks  and  is  out  of  proportion  to  the  dan- 
ger of  the  disease;  it  also  leaves  the  patient  weak  for  weeks.  Maxey  (1899,  p.  435) 
describes  the  fever  as  of  the^continuous  type,  beginning  on  the  first  day  and  rising 
gradual' y until  it  reaches  102°  to  103°  on  the  third  or  fourth  day,  when  the  eruption 
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usually  appears;  it  is  highest  on  the  fourth  to  seventh  day,  corresponding  to  the 
period  of  most  profuse  eruption;  there  is  a difference  of  1°  to  1.5°  F.  between  the 
minimum  morning  and  maximum  evening  temperature,  which  difference  is  main- 
tained until  about  the  tenth  to  fifteenth  day,  when  the  temperature  line  becomes 
erratic,  for  at  this  time  it  is  apt  to  take  sudden  jumps  up  and  then  as  suddenly  down, 
while  at  the  same  time  the  average  tem^ierature  is  gradually  going  down,  until  by 
the  end  of  the  thhd  week  the  patient  is  entirely  free  from  fever.  The  Medical  Sen- 
tinel (1899,  p.  457),  speaking  editorial!}",  refers  to  the  fever  as  remittent  in  type. 

Montana. — The  fever  comes  on  with  or  rapidly  follows  the  initiative  chill,  so  that 
upon  the  first  ^fisit  the  temperature  is  usually  102°  to  104°  F. ; it  becomes  gradually 
higher  day  after  day  until  it  reaches  its  maximum  in  2 to  7 days,  when  it  ordinarily 
registers  103°  to  106°;  there  seems  to  be  a slight  evening  rise  above  that  of  mornings; 
in  probably  all  cases  except  the  mildest,  one  may  be  misled  in  the  latter  days  of  the 
attack  in  thinking  the  fever  abated  upon  feeling  the  skin,  or  by  the  thermometer 
registered  in  the  axilla,  while  the  rectal  temperature  shows  to  the  contrary;  this  dif- 
ference in  temperature  is  apparently  caused  by  the  slow,  feeble,  obstructed  circula- 
tion, the  exterior  and  the  extremities  becoming  cool  from  a lack  of  blood  supply;  in 
cases  where  recovery  takes  place,  the  fever  begins  to  abate  about  the  fourteenth  day 
and  gradually  recedes  until  it  disappears,  on  an  average,  on  the  twenty-first  day;  2 
cases  had  subnormal  temperature  mornings  and  about  1°  of  fever  at  6 p.  m.  almost 
during  the  entire  attack..  (Gwinn,  1902. ) 

McCullough  ( 1902,  p.  226)  says  that  the  temperature  and  pulse  assume  the  form 
of  most  continued  fevers,  both  gradually  increasing,  until  the  acme  of  the  disease  is 
reached  in  nonfatal  cases  about  the  end  of  the  second  week;  very  high  temperature 
is  not  usual,  ranging  from  102°  to  106°. 

According  to  Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37) 
after  the  initial  chill,  fever  rapidly  develops,  and  may  reach  103°  to  104°  F.  on  the 
second  day;  it  gradually  increases  and  reaches  its  maximum  in  from  5 to  7 days, 
when  it  may  register  105°  to  107°  F.  (rectal  temperature);  the  difference  between 
rectal  and  axillary  temperature  is  sometimes  as  much  as  2°  F. ; usually  a slight  even- 
ing increase  and  morning  decrease  are  noted;  the  temperature  occasionally  becomes 
normal  or  subnormal  18  to  24  hours  before  death;  when  recovery  occurs,  it  is  by 
lysis,  much  as  in  typhoid;  the  diminution  of  the  fever  begins  about  the  end  of  the 
second  week  and  reaches  normal  about  2 weeks  later. 

Anderson  (1903a,  p.  507;  1903c,  p.  21)  states  that  before  the  distinct  chill  there  is 
little  or  no  fever  in  the  morning,  with  a slight  rise  in  the  afternoon;  after  the  chill 
there  is  an  abrupt  rise,  and  from  then  on  the  fever  gradually  rises  in  the  evening, 
with  a slight  morning  remission.  The  maximum  is  usually  reached  on  the  eighth  to 
the  twelfth  day;  then,  in  a favorable  case  it  gradually  falls,  becoming  normal  about 
the  fourteenth  to  the  eighteenth  day,  usually  going  to  subnormal  for  a few  days;  in 
fatal  cases  the  fever  remains  high,  from  104°  to  105°  or  106°  F.,  and  the  morning 
remissions  are  very  slight  or  not  present. 

Gates  (1903,  pp.  48,  49)  reports  the  temperature  for  two  cases;  in  one  case  the 
patient  was  given  small  doses  of  aconite  and  spirit  of  nitrous  ether  and  small  doses 
of  alcohol  until  the  fever  was  reduced  and  bowels  moved  freely;  the  patient  was 
sponged  with  cool  and  cold  water,  as  needed  for  high  temperature;  the  fever  ran  an 
irregular  course,  with  great  variation,  reaching  at  times  a temperature  104.5°  F.,  and 
again  sinking  to  97°  F.  This  low  temperature  was  observed  during  the  last  of  the 
first  week  of  the  disease,  at  which  time  the  patient  was  in  a state  of  collapse,  being 
almost  pulseless  and  having  a hard  chill  at  the  tim.e. 

CoMPAEisoxs. — In  Texas  fever,  if  the  temperature  of  exposed  animals  be  taken 
once  daily — say,  in  the  morning — it  will  be  found  that  at  the  onset  of  the  disease  it 
will  rise  within  24  hours  from  the  normal  to  104°  F.  or  even  higher.  In  the  follow- 
ing 24  hours  it  may  rise  to  105°  or  107°  F.  The  continued  daily  record  will  then 
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show  a high  temperature  until  the  disease  terminates  fatally  or  in  recovery.  In  the 
former  case  it  may  fall  from  2°  to  4°  below  the  normal  just  before  death.  When 
recovery  ensues,  it  falls  as  quickly  to  or  even  below  the  normal  as  it  rose  in  the  begin- 
ning of  the  attack.  If  the  temperature  be  taken  twice  daily — in  the  morning  and 
the  evening — a new  set  of  phenomena  appear.  The  temperature  at  the  outset  rises 
during  the  day,  is  highest  in  the  evening,  and  may  be  low  again  in  the  morning. 
This  oscillation,  partly  a normal  occurrence,  may  be  noticed  for  3 or  4 days  in  some 
cases,  the  morning  temperature  gradually  rising  until  it  is  as  high  as  the  evening 
temperature.  The  high  temperature  then  remains  continuous  until  the  end  of  the 
fever.  (Smith  and  Kilborne,  1893,  p.  16.) 

For  canine  piroplasmosis,  Xuttall  (1904,  pp.  232-233)  reports; 

“South  Africa:  Fever  recorded  in  all  cases,  and  may  be  present  when  the  dog 
appears  well,  thus  constituting  usually  the  first  symptom.  Fever  starts  at  104.2°  to 
105.4°,  and  oscillates  or  rises  to  105°  or  106.6°,  even  107°  F.  In  chronic  cases 
(Chart  V)  there  may  be  great  oscillations  in  temperature,  which  may  fall  below 
normal  (97°  to  98°  F.,  about  36°  C. ) and  again  rise.  Toward  death  the  rectal  tem- 
perature gradually  falls  far  below  normal;  in  three  of  my  dogs  98.2°,  97.2°,  90°  F. 
(32.2°  C. ) were  recorded,  respectively,  when  last  taken. 

“France:  In  acute  cases  fever  at  onset  ma}''  exceed  40°  C.  (104°  F. ),  is  maintained 
usually  2 to  3 days,  then  the  temperature  falls  below  normal,  even  down  to  33°  C. 
(91.4°  F. ).  Rarely  temperature  is  seen  to  oscillate,  then  gradually  fall.  In  young 
dogs,  which  die  very  quickly,  initial  fever  may  be  absent,  parasites  appear  in  the 
blood,  and  temperature  sinks  until  death. 

“In  chronic  cases  fever  usually  absent;  slight  when  present;  rarely  exceeds  40°  C. 
(104°  F. ).  May  be  overlooked;  lasts  36  to  48  hours,  then  falls.  In  one  case  a 
‘quartan  fever,’  with  remissions,  as  in  the  human  malaria,  observed.” 

RESPIRATORY  SYSTEM. 

BROXCHITIS;  COUGH. 

Idaho. — There  is  considerable  bronchial  irritation,  cough  lasting  during  conva- 
lescence or  as  long  as  there  is  any  appearance  of  the  eruption  (Figgins,  1896,  p.  64). 
Fairchild  (1896)  agrees  that  a slight  cough  accompanies  the  disease.  According  to 
Maxey  (1899,  p.  435)  there  is  occasionally  some  bronchial  cough,  which  may  or  may 
not  be  accompanied  by  some  pain  in  the  lungs. 

Montana. — An  irritative  cough  generally  exists  from  the  first,  but  not  to  an  extent 
to  be  especially  noticeable  (Gwinn,  1902).  Wilson  and  Chowning  (1902a,  p.  132; 
1903a,  p.  62;  1904a,  p.  37)  state  that  a bronchial  cough  is  frequently  present  at  the 
onset.  Anderson  ( 1903a,  p.  507 ; 1903c,  p.  21 ) refers  to  a slight  bronchitis  after  a few 
days;  always  present  in  the  second  week  (1903c,  p.  23).  Gates  (1905,  pp.  111-113) 
reports  cough  for  his  cases,  Xos.  11  (tenth  day,  especially  well-marked  symptom), 
14,  15  (most  troublesome),  16  (some,  but  not  so  much  as  usual) . 

Ill  the  1901  cases  no  cough  was  recorded  for  cases  T,  9,  and  13;  in 
case  3 there  was  no  cough  on  May  10,  but  the  patient  coughed  freeh" 
on  May  11;  there  was  some  cough  in  case  10. 

Bronchial  glands. — In  case  11  (1901)  the  bronchial  glands  were  found 
enlarged  at  autopsy. 

THYXrS. 

In  case  11  (1901)  remnants  of  the  thymus  were  seen  upon  removal 
of  the  sternum. 


EESPIE.ATIOK. 


Eespiration  is  notably  deeper,  fuller,  and  more  labored  from  the  first  than  in 
health,  as  well  as  increased  in  frequency;  the  respiratory  acts  are  labored  and 
increased  in  frequency  in  proportion  to  the  amount  of  cyanosis  rather  than  the 
amount  of  fever,  (Gwinn,  1902. ) 

According  to  IVilson  and  Chowning  (1902a,  p.  133;  1903a,  pp.  61-65;  1904a,  p.  40) 
the  respirator}*  rate  sometimes  reaches  60  per  minute  in  the  adult,  though  ordinarily 
it  does  not  run  above  36  per  minute;  like  the  pulse  rate,  it  is  frequently  out  of  all 
proportion  to  the  temperature;  it  is  regular,  but  usually  shallow;  it  may  be  labored 
and  accompanied  by  rattling,  due  to  accumulation  of  mucus  in  the  upper  air  passages, 
during  the  last  day  or  two  of  life;  Cheyne-Stokes  respiration  has  not  been  observed. 

Anderson  (1903a,  p.  507;  1903c,  p.  23)  states  that  the  respiratory  rate  is  always 
increased,  usually  varying  from  26  to  40  per  minute,  in  some  cases  reaching  50  to  60; 
it  is  regular,  but  often  shallow.  He  reports  hurried  respiration  for  case  37  i Howard’s 
case,  p.  12),  between  40  and  50  for  case  56  (Howard’s  case,  p.  14),  24  for  case  90 
(Brice’s  case,  p.  16)  the  second  day  after  onset,  32,  two  days  after  onset,  increasing 
gradually  to  45,  for  case  97  (Burton’s  case),  taking  his  data  from  Wilson  and  Chown- 
ing, 1903a.  In  case  117  (p.  27)  the  respiration  was  at  first  normal,  became  more  rapid 
and  labored  until  a few  hours  before  death,  then  gradually  weaker;  26  and  28  for 
case  118  (p.  28). 

Gates  (1903,  p.  50)  reports  in  one  case  that  the  respiration  varied  from  30  to  40 
throughout  the  course  of  the  disease  and  continued  until  after  all  signs  of  heart  action 
had  ceased.  He  (1905,  p.  113)  reports  Cheyne-Stokes  respiration  during  last  of  second 
week  in  his  case  16. 

In  the  cases  of  1904  respiration  became  poor  (7)  in  case  2.  the  patient 
at  times  struo-o-lino*  for  breath  on  Mav  S;  Buckle v observed  Chevne- 
Stokes  respiration  in  this  case.  In  case  3 it  was  slightly  harsh  and 
prolonged  anteriorly:  it  became  slightly  stertorous  on  May  12:  on 
Mav  13  the  lung  sounds  were  verv  harsh  all  over  the  front  and  back, 
with  large  coarse  rales:  the  lungs  were  rapidly  filling  with  fluid:  for 
5 or  10  minutes  respiration  would  be  quiet  and  regular,  then  very 
rapid  (60)  for  a time:  on  May  14  the  filling  of  the  lungs  progTessed 
rapidly,  edema  well  marked:  on  May  15  there  was  much  noise  in 
breathing.  In  case  5 the  respiration  suddenly  ceased  on  May  21: 
artificial  respiration  was  resorted  to  and  in  5 minutes  the  patient 
breathed,  was  roused,  and  quite  rational:  failure  of  respiration  con- 
tinued to  occur  at  intervals,  patient  apparently  forgetting  to  breathe: 
hypodermics  of  morphine  acted  as  a respiratory  stimulant  (Mills).  In 
case  7 respiration  became  harsh,  especially  on  right  side.  In  case  11 
respiration  was  depressed,  falling  on  June  24  to  S (patient  receiving- 
large  doses  of  morphine). 

Edema  of  lungs  developed  in  case  2. 

CoMPAEisoxs. — For  Texas  fever,  see  above,  page  63. 

In  canine  piroplasmosis  breathing  is  accelerated,  subsec^uently  labored,  irregular, 
and  finally  very  shallow;  in  acute  cases  respirations  are  36  to  48  per  minute  (acceler- 
ated), labored,  gasping,  and  at  times,  especially  in  young  dogs,  accompanied  by 
whining  sounds;  examination  of  thorax  negative. 
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PLEURAL  CAVITIES. 

No  adhesions  were  reported  in  cases  107,  89,  91,  and  120.  In  case  93  the  pleura 
was  intensely  adherent  over  entire  surface  of  l)oth  lungs;  the  adhesions  were  very 
thick  and  fibrous;  there  was  a history  of  pleurisy  several  years  before.  (Wilson  and 
Chowning,  1903a,  pp.  47,  51,  52,  54;  Anderson,  1903c,  p.  33.) 

In  190d  the  pleural  cavities  of  case  11  vrere  normal  except  a fetv 
adhesions  between  left  lung  and  pericardium. 

CoMPARisoxs. — In  canine  piroplasmosis,  the  peritoneal  and  thoracic  cavities  may 
contain  fluid  (Hutcheon);  sometimes  there  is  brownish  serous  exudate  in  thorax; 
in  Lounsbury’s  chronic  case  there  were  pericarditis  and  pyothorax. 

LUXGS. 

See  also  Gangrene;  page  50. 

Wilson  and  Chowning  (1904a,  pp.  41,  42)  report  hypostatic  congestion;  all  the  lungs 
show  considerable  congestion  and  swelling  of  the  capillaries;  many  red  blood  cells 
containing  parasites  are  present;  in  most  cases  many  phagocytes  are  found  which 
have  taken  up  infected  red  cells  and  pigment  granules;  in  one  case  there  was  con- 
siderable broncho-pneumonia;  pleura  was  normal. 

Anderson  (1903c,  pp.  33,  38)  reports  that  the  plurse  are  normal  and  do  not  contain 
excess  of  fluid;  lungs  show  hypostatic  congestion,  occasionally  pneumonia;  in  case 
120  there  were  no  consolidated  areas,  except  a few  points  resembling  emboli. 

See  also  Complications,  page  87. 

Upon  autopsy,  the  lung  tissue  in  case  93  was  fully  crepitant;  there  was  slight  hypo- 
static congestion  on  both  sides;  in  cases  89  and  91  both  lungs  were  normal,  except 
hypostasis  on  both  sides;  in  case  107,  the  lungs  were  apparently  normal,  no  pneu- 
monia (Wilson  and  Chowning,  1903a,  pp.  47,  51,  52,  54).  Incase  120,  the  lungs  were 
normally  infiated,  no  consolidated  areas,  except  a few  points  resembling  emboli 
(Anderson,  1903c,  p.  33). 

During  the  season  of  1904,  case  2 died  of  edema  of  the  lungs;  in  case 
3 also  edema  of  the  lungs  developed;  in  case  8,  slight  edema  of  the 
lungs  developed;  there  was  edema  of  the  right  lung  May  29,  and  on 
May  30  both  lungs  were  edematous.  In  case  11,  on  autopst^,  the  right 
lung  was  lead  color  on  upper  surface,  very  dark  posteriorly;  several 
dark  spots  one-eighth  inch  in  diameter  anteriorly,  but  apparent!}"  old; 
entire  lung  edematous;  posterior  portion  extremely  congested,  in  a 
condition  of  hypostatic  pneumonia,  and  sinks  in  water;  left  lung  shows 
same  appearance  as  right,  except  pneumonic  area  is  less  marked  and 
less  extensive. 

Comparison. — In  Texas  fever  the  lungs  are,  as  a rule,  healthy;  there  is,  in  many 
cases,  pulmonary  edema,  with  or  without  emphysema,  noticeable  after  death;  in  a 
few  instances  foci  of  dark  red  hepatization  were  observed  in  one  of  the  principal 
lobes,  which  involved  one  or  several  lobules.  (Smith  and  Kilborne,  1893,  p.  26.  ) 

In  canine  piroplasmosis  the  lungs  are  rarely  affected  (Hutcheon);  Nuttall  noted 
edema  and  pinkish  frothy  fluid  in  the  bronchi  and  trachea;  in  France  apoplectiform 
foci  have  been  found;  in  young  dogs  dying  quickly,  usually  there  are  acute  edema 
and  reddish  foamy  secretion  in  bronchi  and  trachea. 

Hypostatic  lobar  pneumonia  herds  have  been  recorded  in  carceag. 
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MUSCULAR  SYSTEM. 

See  also  Pains,  page  76. 

Gwinn  (1902)  reports  rigidity  of  muscles  of  neck  and  back  in  one  case.  Several 
authors  refer  to  the  soreness  and  stiffness  of  the  muscles. 

Anderson  (1903c,  p.  23)  says  that  the  soreness  of  the  muscles  and  bones  causes  the 
patient  to  change  position  often;  muscular  soreness  is  often  very  severe  even  in  mild 
cases  and  lasts  until  recovery. 

Wilson  and  Chowning  (1903a,  p.  47)  report  some  tenderness  on  pressure  along  the 
spine  (case  107),  especially  in  the  dorsal  region,  though  this  may  have  been  due  in 
part  to  the  general  soreness  of  the  muscles. 

In  case  11  (1904)  the  muscles  were  well  developed  and  of  good  color. 

Comparison. — In  Texas  fever  the  lean  meat  may  be  of  a brownish  mahogany  color 
and  possess  a peculiar  sickening  odor,  or  it  may  be  normal  in  color  or  perhaps  a 
trifle  paler.  In  carceag  the  muscles  are  reported  as  pale  and  flabby. 

EMACIATION. 

See  also  Fat,  page  52. 

Emaciation  has  not  been  reported  in  connection  with  ‘‘spotted 
fever,”  but  it  seems  to  be  quite  a prominent  symptom  in  some  piro- 
plasmatic  diseases. 

Thus,  for  Texas  fever.  Smith  and  Kilborne  report  that  there  may  be  extreme 
emaciation  during  the  period  following  the  fever.  For  canine  piroplasmosis,  Xuttall 
(^1904,  pp.  231,  326)  reports  that  there  is  a loss  of  weight  which  is  greatly  increased 
during  the  final  stages,  and  appears  to  be  more  marked  in  long-continued  cases; 
there  is  great  emaciation. 

NERVOUS  SYSTEM. 

See  also  Pains,  page  76;  Photophobia,  page  52;  Extremities,  page  55. 

Idaho. — All  cases  are  very  nervous,  sleepless,  and  throughout  the  disease  suffer 
intensely;  there  is  a hyperemic  condition  of  the  nervous  system,  as  is  shown  l)v  the 
general  neuralgic  pains;  in  my  opinion  it  is  a hybrid  between  typhoid  fever  and 
cerebrospinal  fever,  the  disease  having  many  symptoms  common  to  both  (Fairchild, 
1896).  Springer  (1896,  p.  62)  says  that  the  patients  are  usually  very  nervous  and 
irritable.  Sweet  (1896)  reports  that  the  nervous  system  is  sometimes  involved;  in 
such  cases  there  is  marked  hyperpyrexia. 

Montana. — McCullough  (1902,  p.  227)  reports  indifference  to  surroundings. 
According  to  Wilson  and  Chowning  (1902a,  pp.  132-133;  1903a,  p.  63;  1904a,  pp.  38), 
aside  from  the  headache  at  the  beginning,  many  patients  show  no  nervous  symptoms 
until  just  prior  to  death;  a low  muttering  delirium,  as  in  typhoid,  is  present  in  some 
severe  cases,  the  patient  being  but  partly  rational;  in  the  severe  stages,  picking 
at  mouth,  ears,  and  bed  clothing  is  present;  except  at  the  onset  the  disease  is  remark- 
able for  its  freedom  from  pain. 

Gates  (1903,  p.  50)  reports  for  one  case  that  there  seemed  to  be  a profound  impres- 
sion on  the  nervous  system  from  the  very  first  symptoms  of  the  disease;  muttering 
delirium  and  a semicomatose  condition,  from  which  the  patient  could  be  aroused 
only  with  much  effort,  were  early  and  prominent  symptoms.  Later  he  (1905,  'p.  113) 
states  in  regard  to  his  case  16  (1904)  that  the  intensity  with  w'hich  the  disease 
attacked  the  nervous  system  was  marked  from  the  onset;  a low  muttering  delirium 
came  on  during  the  first  week;  during  the  second  week  the  patient  was  in  a heavy 
stupor  from  which  she  could  be  aroused  with  difficulty,  but  when  aroused  she  would 
answer  questions  correctly  and  their,  perhaps,  talk  at  random;  the  condition  of  the 
mind  approached  normal  during  the  third  week. 
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Diirino’  the  season  of  190J:  nervous  symptoms  were  prominent. 

In  case  2 hyperesthesia  (see  ai)ove.  p.  51)  was  extreme,  the  weight 
of  a palpating  hand  or  even  of  the  bed  clothing  caused  extreme  pain. 
For  case  d severe  intracranial  and  supraorbital  neuralgia,  Ma^^  12,  was 
reported;  condition  improved  under  codeine  ; in  general  the  nervousness 
of  the  patient  was  marked  in  this  case,  as  also  in  case  5.  In  case  6, 
who  Aras  of  a neurotic  temperament,  the  neiwous  symptoms  were 
prominent,  A^ery  marked,  and  constant;  twitching  of  muscles,  etc.  On 
May  19,  when  touched  anvwhere  on  the  body  the  patient  was  thrown 
into  a state  of  tonus.  In  case  7 nervous  disturbance  was  important 
and  marked  throughout  illness.  The  patient  thrashed  around  in  bed, 
rolling  head  and  throwing  the  arms  around.  He  could  not  be  made 
to  lie  on  the  left  side  for  a minute  at  a time,  but  would  immediate^ 
throAv  himself  upon  his  right  side  or  his  back.  In  case  8 nerAmusness 
increased  May  21;  dullness  increased  with  slight  delirium;  May  25 
hyperesthesia  Avas  Amry  marked;  thei'e  was  high  nervous  tension,  the 
muscles  of  the  back  and  limbs  became  very  rigid;  all  neiwous  symp- 
toms increased  MaA"  26,  27,  and  28;  a drink  of  water  would  produce 
spasm  of  pharynx  and  diaphragm;  reflex  excitability  was  so  intense 
for  21  hours  before  death  that  a slight  touch  used  in  putting  a spoon 
to  the  mouth,  or  sponging,  etc.,  would  cause  spasm  and  rigidity  of 
entire  body.  In  case  11  the  seAwriHof  the  nerAmus  symptoms  pointed 
strongly  to  cerebrospinal  meningitis.  In  case  13  there  Avas  picking  at 
the  bed  clothing,  muttering,  and  restless  rolling  from  side  to  side. 

MALAISE. 

Idaho. — During  incubation  there  is  a feeling  of  lassitude  and  inaptitude  for  work 
(Bowers,  1896,  p.  63).  Many  cases  are  taken  suddenly  without  previous  malaise 
(Collister,  1896,  p.  63).  Lassitude  is  mentioned  by  Dubois  (1896,  p.  64).  Fairchild 
(1896,  p.  62)  says  there  are  usually  2 or  3 days  of  malaise.  Springer  (1896,  p.  61) 
states  that  there  is  a feeling  of  malaise  for  a few  days  preceding  the  chill,  and  Maxey 
(1899,  p.  435)  reports  that  the  patient  first  notices  a general  malaise. 

Montana. — In  a few  cases  the  disease  seems  to  be  preceded  by  a prodromal  period 
of  malaise  for  a few  days  (Gwinn,  1902).  According  to  McCullough  (1902,  p.  226) 
the  attack  may  come  on  insidiously  with  a feeling  of  malaise  for  a few  days,  gradu- 
ally growing  worse  and  merging  into  a well-defined  “bone  ache.” 

Wilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  61)  and  Anderson  (1903a,  p.  507; 
1903c,  p.  21)  agree  that  many  cases  are  preceded  by  a short  period  of  malaise. 

In  1901  case  3 complained  of  slight  malaise  on  May  10:  on  May  12 
this  case  showed  stupor. 


RESTLESSNESS  AND  INSOMNIA. 

Idaho. — Sleeplessness  is  common  during  the  first  week  (Bowers,  1896,  p.  64).  On 
account  of  the  feA^er  and  the  soreness  and  the  pains  in  the  extremities  and  back  the 
patient  rolls  and  tosses  in  a restless  effort  to  find  a comfortable  position  (Maxey, 
1899,  p.  435).  . ^ 

Montana. — There  is  considerable  restlessness  (IVilson  and  Chowning,  1902a,  p.  132; 
1903a,  p.  62;  1904a,  p.  37)7  Anderson  (1903c,  p.  23)  says  that  the  soreness  of  the 
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muscles  an<i  bones  causes  the  patient  to  change  position  often;  he  reports  (pp.  14, 15) 
marked  jactitation  for  cases  56  and  57,  and  says  (p.  28)  that  restlessness  in  case  118 
was  allayed  by  darkening  the  room. 

Gates  (1905,  p.  Ill)  reports  insomnia  as  especially  well  marked  in  his  case  Xo.  11, 
persistent  in  case  14,  not  troublesome  in  case  15. 

In  1901  all  cases  were  reported  as  very  restless,  especially  cases  2, 
6,  7,  and  11 . Case  2 was  markedly  drows}^  on  May  4:. 

DIZZINESS. 

McCullouo’h  (1902,  p.  226)  reports  dizziness  among  the  initial  sym- 
toms.  This  was  not  complained  of  in  cases  1 to  11  (1901). 

HEADACHE. 

Idaho. — Cephalalgia  is  the  most  common  and  persistent  symptom  in  the  develop- 
ment of  this  disease;  the  pain  is  intense  and  persists  without  intermission;  it  is 
referred  to  the  frontal  region  or  to  the  occiput,  or  to  the  entire  head  (Bowers,  1896, 
p.  64).  Collister  (1896,  p.  63)  states  that  there  is  generally  a severe  headache. 
According  to  Dubois  (1896,  p.  64)  the  patient  may  be  stricken  down  without  warn- 
ing with  a severe  frontal  headache.  Severe  headache,  particularh-  in  the  back  part 
of  the  head,  is  mentioned  by  Fairchild  (1896,  p.  62)  as  an  early  symptom.  Sweet 
(1896)  also  mentions  headache.  Violent  headache  is  recorded  by  Zipf  (1896,  p.  65) 
as  an  initial  symptom.  On  the  second  day  the  pain  in  the  head  becomes  quite 
severe  (Maxey,  1899,  p.  435). 

Montana. — There  is  a general  aching  and  soreness  of  the  whole  body  (Gwinn,  1902). 
According  to  IVilson  and  Chowning  (1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37)  the 
headache  may  be  severe  at  the  onset.  Anderson  (1903a,  p.  507;  1903c,  p.  21) 
reports  some  pain  in  the  head;  he  gives  (1903c,  pp.  24,  27)  headache  as  following  the 
tick  bites  in  case  115  and  as  present  in  case  118.  Gates  (1905,  pp.  111-113)  reports  for 
his  cases  11  and  16  severe  headache;  for  case  11,  frontal  headache  following  the  chill. 

Headache  was  present,  to  a greater  or  less  degree,  in  cases  1 to  11 
during  1901.  In  case  1 it  was  reported  as  frontal;  in  case  5 it  began 
at  the  time  of  the  chill;  in  case  8 it  was  very  severe;  in  case  11  it  was 
both  frontal  and  occipital. 

PAIN,  OTHER  THAN  HEADACHE. 

Idaho. — During  the  first  week  following  the  incubation  period  there  is  pain  in  the 
back  and  legs  and  a muscular  soreness  over  the  entire  body;  it  is  severe  in  the 
lumbar  region  or  along  the  entire  spine  and  in  the  lower  extremities  (Bower,  1896, 
pp.  63,  64) . Collister  (1896,  p.  63)  states  that  there  is  jiain  of  a rheumatic  character 
in  the  back  and  limbs,  mostly  referred  to  the  joints.  Dubois  (1896,  p.  64)  mentions 
intensely  severe  pains  in  joints  and  muscles  as  an  early  symptom;  this  pain  “is 
boring,  breaking,  and  stabbing,  and  appears  to  penetrate  into  the  very  substance  of 
the  bones.”  Fairchild  (1896,  p.  62)  reports  shooting  pains  throughout  the  body  and 
limbs,  usually  more  severe  in  the  bowels  and  back;  it  is  neuralgic  in  type  and  is 
controlled  only  by  morjihine;  the  pain  may  appear  early,  and  continues  throughout 
the  attack.  Figgins  (1896,  p.  64)  records  pains  in  the  extremities,  and  muscular 
soreness.  According  to  Springer  (1896,  p.  62)  the  patient  usually  complains  of 
severe  pains  throughout  the  body,  especially  in  the  back  and  stomach,  and  in  many 
cases  in  the  larger  joints;  these  pains  are  not  continuous,  but  are  of  a shooting 
character  and  cause  the  patient  to  cny  out  on  any  movement.  Sweet  (1896,  p.  61) 
says  that  the  onset  is  usually  accompanied  by  severe  breakbone  pains;  the  intense 
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boneache  is  suggestive  of  dengue.  Zipf  ( 1896,  p.  65)  reports  backache.  According 
to  Maxey  (1899,  p.  435)  the  bones  and  muscles  soon  begin  to  ache,  and  on  the  second 
day  the  patient  feels  sick  enough  to  take  to  his  bed;  he  already  feels  very  Aveak  and 
depressed,  and  the  pains  in  the  back  and  in  the  joints  and  muscles  of  the  extremities 
are  becoming  quite  severe;  accompanying  the  bronchial  cough  there  may  or  may  not 
be  some  pain  in  the  lungs. 

Montana. — At  the  onset  there  may  be  intense  soreness  seemingly  of  the  entire 
muscles  of  the  body  (McCullough,  1902,  p.  226).  According  to  Gwinn  (1902)  there 
may  be  general  aching  and  soreness  of  the  whole  body.  Patients  while  conscious 
usually  complain  most  bitterly  of  general  aching  and  soreness,  and  prefer  to  be  moved 
as  little  as  possible,  especially  after  the  disease  has  progressed  a few  days.  Sometimes 
the  pain  is  referred  to  as  being  more  in  the  head,  in  other  cases  the  back,  while  in 
others  it  does  not  seem  to  predominate  at  any  single  point.  Wilson  and  Chowning 
(1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37)  state  that  the  onset  is  accompanied  by  a 
severe  aching  in  the  bones  and  muscles,  with  pain  in  the  back  and  joints.  The 
patient  is  usually  very  weak  (1903a,  p.  45).  In  case  109  there  was  no  stiffness  of  the 
neck  or  back,  though  some  pain  was  present  on  pressure  over  the  spinal  processes  of 
the  vertebrae,  especially  those  in  the  dorso-lumbar  region.  They  also  report  (1904a, 
p.  37)  that  cases  Xos.  94,  96,  97,  115,  116,  117,  119,  and  120  give  a history  of  soreness 
about  the  tick  bite,  and  pains  radiating  therefrom  which  continued  until  the  initial 
chill,  but  (1902a,  p.  133;  1903a,  p.  63;  1904a,  p.  38)  except  at  the  onset  the  disease 
is  remarkable  for  its  freedom  from  pain.  Anderson  (1903a,  p.  507;  1903c,  p.  21) 
reports  for  the  onset  some  pain  in  the  back  and  head  and  soreness  of  the  muscles 
and  bones.  He  states  (1903c,  pp.  21,  23)  that  the  pain  in  the  head  and  back  is 
usually  severe  daring  the  first  week,  while  the  soreness  of  the  limbs  causes  a sensation 
as  if  the  limbs  were  in  a vise,  and  causes  the  patient  to  change  position  frecjuently. 
The  soreness  of  the  muscles  is  often  very  severe  in  mild  cases  and  lasts  mitil  recovery. 
Anderson  (1903c,  p.  16)  records  pains  in  head,  back,  and  upper  and  lower  limbs 
and  soreness  of  muscles  in  all  parts  of  the  body  for  case  90;  (p.  26)  case  116  was 
bitten  by  tick  under  the  arm  on  April  13,  and  the  chill  on  April  19  was  followed  by 
aching  pains;  the  wound  and  axillary  glands  were  sore  and  swollen  on  Ai:)ril  13, 
soreness  was  less  marked  after  a few  days,  but  still  present;  it  became  much  worse 
on  April  19,  with  shooting  pains  radiating  from  the  axilla,  through  the  shoulder, 
down  the  arm  and  side  of  the  body;  aching  pains  in  the  back  followed  the  severe 
chill  and  extended  over  the  whole  body;  (p.  27)  case  118  complained  of  aching  pains 
in  the  back  and  limbs;  (p.  29)  case  119  experienced  soreness  from  the  wound  made 
by  the  tick  bite;  pain  and  swelling  was  present,  extending  down  the  side  of  the 
head  behind  the  ear  to  right  side  of  neck;  (p.  29)  case  120  had  pain  in  back  and 
limbs  on  day  preceding  removal  of  ticks,  the  pains  continued  the  next  day;  (p.  36) 
case  121  had  pain  in  bones  and  joints,  and  (pp.  34,  37)  backache  on  May  10,  severe 
pain  in  back  and  limbs  on  May  14,  backache  and  soreness  of  muscles  of  legs  and 
arms  on  May  17,  no  pain  in  head  or  back  on  May  23.  Anderson  (1903c,  p.  40) 
advises  Dover’s  powders  or  morphine  sulphate  to  relieve  the  pain.  Gates  (1905,  pp. 
111-113)  states  that  iu  his  case  11  the  headache  was  followed  by  severe  aching  of  all 
of  the  skeletal  muscles,  especially  severe  in  the  calves  of  the  legs;  case  14  complained 
of  pains  in  the  tibite,  intense  backache,  pains  in  ankles  and  knee  joints,  and  great 
muscular  soreness,  including  muscles  of  eye;  case  15  complained  of  general  muscular 
soreness,  severe  headache  and  backache,  and  great  exhaustion;  case  16  complained 
(fi  aching  in  limbs  and  back. 

Ill  1901,  case  1 complained  of  ‘‘general  body  aching;”  case  2 had 
some  pain  in  back  and  head,  and  complained  of  general  soreness  after 
appearance  of  the  eruption;  case  3 complained  of  backache;  case  I 
complained  of  suprascapular  and  lumbar  pains,  and  later  of  pains  in 
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the  head;  case  6 complained  of  headache,  backache,  and  legache,  and 
general  aching  and  pain;  case  7 complained  only  of  headache,  pain  in 
the  abdomen  and  back  of  the  neck;  later  (June  S)  pain  in  the  neck  disap- 
peared, but  on  June  9,  and  on  June  15,  patient  complained  of  pain  in 
the  knees;  case  11  complained  especially  of  pains  in  the  neck  and 
lumbar  region;  case  12  complained  of  great  soreness  all  over  the  bodv. 
the  feet  were  exquisitely  tender,  and  continued  so  until  he  left  the 
hospital. 

Idaho. — The  mental  processes  become  dulled  and  the  patient  is  listless  and  apa- 
thetic (Bowers,  1896,  p.  61). 

Montana. — In  all  attacks  attaining  a marked  degree  of  severity  the  patient’s  mind 
is  affected,  first  noticeable  from  incoherent  and  rambling  speech  when  the  tempera- 
ture happens  to  be  high,  and  if  the  case  be  dangerous  in  severity  the  disturbed 
thought  sooner  or  later  merges  into  delirium,  usually  followed  by  coma  and  death 
(Gwinn,  1902). 

According  to  Anderson  (1903a,  p.  507;  1903c,  p.  23)  the  mind  is  usually  clear,  even 
in  severe  cases,  until  within  a few  hours  of  the  end  (see  cases  89,  116-121). 

Case  7 (190J)  was  reported  as  answering  questions  intelligently  up 
to  within  a few  hours  of  death.  Illusions  were  reported  for  case  J on 
May  13;  on  15th,  illusions,  weariness,  and  sleeplessness;  illusions  dis- 
appeared on  May  19;  case  3 showed  stupor  on  May  12. 

DELIErOI. 

Idaho. — Delirium  occurs  in  severe  cases;  it  is  of  a typhoid  character,  and  due  to 
fever  or  to  toxemia  (Bowers,  1896,  p.  64). 

Montana. — See  also  Mind,  page  78. 

According  to  McCullough  (1902,  p.  226)  delirium  usually  manifests  a very  active 
part  in  the  symptoms,  and  may  be  low  and  muttering,  or  only  a mental  hebitude, 
the  patient  being  partially  rational.  Anderson  (1903c,  p.  12)  reports  marked  delir- 
ium for  case  36  (Buckley’s  case,  1897);  case  74  (Putney’s  case,  1900)  showed  delirium 
about  the  fourth  day  (p.  14);  case  102  (McGrath’s  case,  1902)  was  dehrious  much  of 
the  time  after  the  fourth  day  (p.  11).  Gates  (1903,  pp.  48,  50)  records  slight  delir- 
ium in  one  case;  in  another  case  a muttering  delirium  and  a semicomatose  condition 
were  among  the  early  and  prominent  symptoms.  Later  (1905,  pp.  115)  he  reports 
that  the  delirium  in  his  case  Ao.  7 (1901)  lasted  for  two  weeks. 

In  1904  case  1 presented  delirium,  which  soon  passed  to  coma;  delir- 
ium was  present  in  cases  2,  3.  and  6;  in  case  9 the  mind  wandered  and 
passed  to  delirium;  in  case  11  the  delirium  was  at  times  violent;  case 
12  showed  delirium  at  no  time,  but  case  13  was  delirious. 

COMA. 

Coma  and  death  usually  follow  the  delirium  (Gwinn,  1902).  According  to  Ander- 
son (1903a,  p.  507;  1903c,  p.  23),  C[Uoted  from  IVilson  and  Chowning  (1903a),  case  37 
(Howard’s  case,  1898)  was  entirely  comatosed  for  3 days;  case  8 (Gwinn’s  case, 
1899)  showed  a semicomatose  condition  as  an  early  sympton;  case  118  (1903c,  p.  28) 
passed  into  a state  of  semiconsciousness,  gradually  increasing  to  total  uncon- 
sciousness, which  gradually  passed  away,  having  lasted  72  hours.  Gates  (1903, 
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p.  50)  reports  a patient  in  a semicomatose  condition,  from  which  he  could  be  aroused 
only  with  much  effort  (early  symptom).  Case  6 (1900)  was  in  a very  deep  stupor 
for  10  days  prior  to  death  (Gates,  1905,  p.  115). 

In  1901,  coma  in  case  1 followed  the  delirium  and  lasted  till  death; 
coma  was  also  present  in  case  2 for  some  hours  before  death ; case  3 was 
marked  by  the  sudden  onset  and  prolonged  duration  of  coma;  in  case 
6 coma  preceded  death  a few  hours;  in  case  8 coma  was  present  to 
some  extent  Ma}^  26,  and  almost  complete  coma  was  reported  May  27. 

CONWCLSIOXS. 

Case  95,  a child  of  2 years,  had  convulsions  (Wilson  and  Chowning,  1903a,  p.  60). 

In  1901,  case  7 shoAved  convulsions  about  8 hours  before  death,  and 
there  Avas  almost  a state  of  coiiAutlsion  in  case  6. 

OPISTHOTOXOS. 

Idaho. — “In  one  case  I found  marked  opisthotonos  during  the  fourth  week  of  the 
disease,  which  proA’ed  fatal.  In  this  case  there  were  marked  cerebral  conditions.” 
(Fairchild,  1896.) 

Montana. — Gwinn  (1902)  in  one  case  observed  rigidity  of  the  muscles  of  the  neck 
and  back,  A^ery  much  resembling  that  of  cerebrospinal  meningitis.  Wilson  and 
Chowning  (1902a,  p.  133;  1903a,  pp.  50,  57;  1904a,  p.  38)  and  Anderson  (1903c,  p.  23) 
state  that  there  is  no  opisthotonos. 

In  1901,  cases  2 and  3 presented  toward  death  a tendency  to  opisthot- 
onos, but  the  patients  had  received  strychnine.  Two  unpublished  cases 
of  1902  were  described  to  me  (not  by  a physician)  as  presenting  marked 
opisthotonos.  In  HoAA^ard’s  case  7 there  AA^as  slight  opisthotonos 
reported  during  the  convulsions. 

BRAIX  AND  SPIXAL  COED. 

In  one  autopsy,  Gwinn  (1902)  has  been  told,  there  was  found  a serous  fluid  in  the 
fourth  ventricle  of  the  brain. 

There  is  a slight  congestion  of  the  capillaries  of  the  meninges;  a few  A’essels  of  the 
cortex  contain  infected  red  blood  cells;  there  is  some  distention  of  the  pericellular 
spaces  in  the  cortex;  little  or  no  chromatolysis  is  shown  by  Xissl’s  stain  (Wilson  and 
Chowning,  1904a,  p.  43).  The  meninges  of  the  brain  and  spinal  cord  showed  a 
slight  congestion,  apparently  hypostatic;  there  was  no  basilar  (or  other)  meningitis 
(Wilson  and  Chowning,  1904a,  p.  42).  The  A’essels  are  somewhat  congested  in  the 
spinal  cord,  as  in  the  brain,  and  contain  a small  number  of  infected  corpuscles;  in 
one  case  the  anterior  horn  cells  show  considerable  chromatolysis  with  Xissl’s  stain; 
no  fiber  degeneration  is  shoAvn  bA’  Weigert’s  stain  (Wilson  and  Chowning,  1904a, 
' p.  43). 

Upon  autopsy  the  brain  substance  was  normal  in  color  and  consistency  in  cases  91 
and  107 ; examination  of  the  central  nervous  system  in  cases  89,  93,  94,  and  97  was 
not  permitted  (Wilson  and  Chowning,  1903a,  pp.  48,  52,  53,  55,  56,  58).  Anderson 
(1903c,  p.  33)  makes  no  mention  of  the  central  nervous  system  of  case  120. 

In  1901,  case  11,  the  A^eins  on  the  surface  of  the  brain  were  distended 
with  blood;  no  pus  nor  llmiph  aa  as  found  at  base  of  skull;  A^entricles 
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appeared  normal,  except  for  distention  of  veins:  a small  amount  of 
bloody  serum  was  found  in  one  lateral  ventricle,  the  blood  probably 
coming  from  a cut  vein;  on  section  the  cerebrum  appeared  about  nor- 
mal: basal  ganglia  on  section  appeared  normal:  section  of  pons  and 
cerebellum  showed  nothing  abnormal. 

The  meninges  over  the  occipital  lobe  of  case  91  were  congested  i hypostatic),  but 
otherwise  normal;  in  case  107  the  meninges  were  normal,  except  a shght  congestion 
(hypostatic  ) in  the  vessels  of  the  pia  over  the  occipital  lobe;  there  was  no  e^ndence 
of  meningitis  Wilson  and  Chowning,  1903a.  pp.  52,  4S  i. 

In  case  11  (1901)  the  dura  showed  outer  surface  injected,  but  other- 
wise normal:  removal  of  dura  showed  some  adhesions  at  the  vertex 
between  the  membranes  and  the  brain  substance,  the  area  of  adhesions 
being  small. 

In  case  91  there  was  no  inflammation  or  marked  congestion  in  either  of  the  menin- 
ges of  medulla  and  cord;  in  case  107  there  was  no  inflammation  of  the  upper  6 
inches  of  medulla  and  cord  t Wilson  and  Chowning,  1903a,  pp.  IS— 19,  53). 

In  case  11  (1901)  section  of  the  medulla  showed  nothing  abnormal: 
the  spinal  cord  showed  considerable  injection  of  the  vessels,  probably 
hypostatic:  no  lymph  exudation  or  other  evidence  of  inflammation 
was  present:  dura  was  normal:  cross  sections  of  cord  at  1-inch  inter- 
vals showed  nothing  abnormal:  15  cc.  of  clear  spinal  fluid  was  aspi- 
rated through  the  lumbar  region  before  the  canal  was  cut  open. 

Doctor  Alton  says  that  case  13  may  possibly  have  been  a case  of 
meningeal  irritation  following  measles,  or  may  have  been  due  to  tick 
bite  and  infection  from  that  source  (no  autopsy). 

Local  physicians  have  repeatedly  spoken  of  the  resemblance  of 
*■  spotted  fever”  to  cerebrospinal  meningitis,  and.  in  fact,  the  resem- 
blance in  some  cases  is  verv  striking.  Although  the  central  nervous 
system  has  been  examined  upon  autopsy  in  only  a few  cases,  still  it 
would  seem  rather  remarkable  that  none  of  these  autopsies  showed 
the  pathological  lesions  in  case  this  disease  were  actually  meningitis. 
At  present,  therefore,  we  are  not  justified  in  concluding  that  the 
"'spotted  fever”  under  discussion  is  cerebrospinal  meningitis 

ConPAEisox.  — In  Texas  fever  no  nervous  lesions  were  found  which  can  be  regarded 
in  any  sense  as  pecuhar  to  or  characteristic  of  the  disease.  It  may  be  said,  in  gen- 
eral, that  the  bi’ain  share<I  the  general  tendency  toward  the  injection  of  the  capillary 
system.  The  vessels  of  the  pia  and  the  plexuses  were  engorge^I,  and  over  the  frontal 
lobes  and  near  the  great  transverse  Assure  it  was  more  or  less  pigmented — a condition 
also  met  with  in  other  diseases.  The  gray  matter  of  the  cerebmm  and  especially  of 
the  cerebellum  appeared  of  a more  pinkish  color.  The  white  substance  was  normal 
in  color,  the  ventricles  free  from  fluid  ( Smith  and  Kilborne,  1893,  pp.  2-5-26  >. 

In  canine  piroplasmosis  a shght  congestion  of  the  memnges  is  found  in  some  cases. 

KZEXIG’S  SIGX. 

Kemig's  sign  is  absent  (Wilson  and  Chowning,  1902a.  p.  133:  1903a,  pp.  49.  -50,  57; 
1904a,  j).  38  ) . 
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URINARY  SYSTEM. 

KIDNEYS. 

Idaho. — Collister  (1896,  p.  63)  states  that  the  kidneys  are  often  disturbed. 

Montana. — Gates  (1905,  pp.  115)  mentions  severe  parenchymatous  inflammation  for 
his  case  10  (1903),  and  says  that  the  kidneys  suffered  especially  in  case  12  (1903). 
G’.vinn  (1902)  reports  slight  enlargement  of  the  kidneys  in  one  case  on  post-mortem. 
Referring  to  pathology  IVilson  and  Chowning  (1903a,  p.  67;  1901a,  p.  42)  state  that 
in  all  cases  examined  one  or  both  kidneys  showed  small  subcapsular  hemorrhages 
on  the  ventral  surface;  the  cortex  on  section  was  congested.  Upon  microscopic 
examination  numerous  phagocytes  were  found,  each  containing  from  1 to  8 faintly 
outlined  red  blood  cells,  in  nearly  every  one  of  which  is  a parasite;  the  kidney 
shows  acute  parenchymatous  nephritis.  Later  (1904a,  pp.  42,  43)  they  add  that  the 
capsule  strips  readily  and  there  is  some  extravasation  of  red-blood  cells,  particularly 
in  the  cortex.  Anderson  (1903c,  p.  38)  summarizing  autopsies  on  7 cases  (including 
the  6 autopsies  reported  by  Wilson  and  Chowning,  1903a)  states  that  the  kidneys  are 
enlarged;  capsule  usually  not  adherent;  small  subcapsular  hemorrhages  on  ventral 
surface;  on  section,  congested  and  swollen  cortex;  pyramids  well  outlined  and  deep 
red  in  color;  small  hemorrhages  in  pelvis;  microscopically  there  are  minute  extrav- 
asations of  blood  in  cortex  and  under  the  capsule;  veins  fllled  with  blood;  nuclei  of 
convoluted  tubules  stain  poorly;  cells  granular  and  in  some  places  detached;  newly 
formed  casts  in  tubules;  bladder  normal  and  usually  with  small  amount  of  dark 
urine. 

In  case  3 there  were  small  subcapsular  hemorrhages  in  both  kidneys.  In  case  89 
a small  ecchymotic  area  was  present  immediately  underneath  the  capsule  on  the 
anterior  surface  of  the  right  kidney;  the  left  kidney  showed  no  ecchymotic  areas, 
but  otherwise  was  like  the  right  kidney.  In  case  91  several  minute  hemorrhagic 
spots  were  present  in  the  capsule  over  the  ventral  surface  of  each  kidney.  In  case 
94  the  left  kidney  was  normal  in  size  and  there  was  a hemorrhagic  area  near  upper 
pole  and  on  anterior  surface;  the  right  kidney  was  normal,  except  on  section  (see 
below).  In  case  97  the  left  kidney  was  about  normal  in  size;  the  right  kidney  was 
small;  fetal  lobation  was  present.  In  case  107,  2 or  3 ecchymotic  hemorrhages  were 
present  in  the  ventral  portion  of  the  capsule  over  the  left  kidney. — Wilson  and 
Chowning,  1903c,  pp.  48,  51,  53,  55,  56,  58.  Anderson  reports  (1903c,  p.  33)  in 
reference  to  case  120  that  the  kidneys  were  enlarged;  the  left  kidney  weighed  10 
ounces;  there  were  minute  subcapsular  hemorrhages,  especially  over  the  greater 
curvature. 

In  case  11  \1901)  the  right  kidney  measured  12  by  7 cm. ; the  left 
kidney  measured  13  by  7 by  6 cm.,  areas  of  distinct  pallor  were  scat- 
tered over  the  surface. 

In  cases  89  and  94  the  capsule  stripped  easily.  In  case  97  the  capsule  was  adher- 
ent and  slightly  hemorrhagic  in  the  left  kidney,  but  the  capsule  stripped  easily 
from  the  right  kidney. — Wilson  and  Chowning,  1903a,  pp.  51,  56,  58.  Anderson 
( 1903c,  p.  33 ) reports  the  capsule  as  adherent  on  the  left  kidney  in  case  120. 

In  case  11  (1901)  the  capsules  of  both  kidneys  were  adherent,  carry- 
ing substance  with  them  in  removal. 

In  case  3 the  cortex  of  both  kidneys,  on  section,  was  slightly  congested.  In  case 
89  the  section  of  the  cortex  appeared  slightly  congested.  In  case  91  the  section  of 
both  kidneys  was  congested,  but  otherwise  normal.  In  case  94  the  cortex  of  the 
left  kidney  was  normal  in  thickness,  with  hemorrhagic  areas  over  the  cut  surface; 
the  pelvis  was  normal;  in  the  right  kidney  similar  hemorrhagic  areas  were  seen,  but 
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to  a less  extent.  In  case  97  section  of  the  left  kidney  showed  slightly  hemorrhagic 
areas,  the  cortex  was  normal  in  thickness;  on  section  the  cortex  of  the  right  kidney 
was  thin  and  dark,  and  hemorrhagic  areas  were  seen  over  the  whole  surface,  extend- 
ing down  to  the  pelvis.  In  case  107  the  cortex  of  both  kidneys,  on  section,  was 
found  congested. — IVilson  and  Chowning,  1903a,  pp.  48,  51,  53,  55,  56,  58.  Anderson 
(1903c,  p.  33)  reports  for  case  120  that  on  section  the  cortex  was  congested,  the  pyra- 
mids well  outlined,  and  small  hemorrhages  about  1 mm.  in  diameter  were  present 
in  the  pelvis. 

In  case  11  (1901)  the  section  of  the  cortex  of  the  left  kidney  showed 
little  if  any  alteration;  the  cortex  of  the  right  kidney  appeared  some- 
what pale  and  thickened  to  Ashburn  and  myself,  but  to  Mills  it 
appeared  about  normal. 

Comparison. — In  Texas  fever.  Smith  and  Kilborne  (1893,  pp.  31-32)  report  that 
“in  a considerable  number  of  cases  a sero-sanguinolent  condition  of  the  connective 
tissue  and  fat  about  the  kidneys  is  observed.  In  a few  cases  the  ventral  surface  of 
the  organ  appeared  like  two  large  blood  blotches.  The  portion  of  the  abdominal 
wall  upon  which  the  dorsal  surface  of  the  kidneys  rest  is  free  from  these  effusions. 

“The  kidneys  themselves,  like  the  other  organs  affected  by  this  disease,  vary 
more  or  less  in  color,  according  to  the  severity  and  stage  of  the  disease.  In  those 
cases  which  succumb  early  in  the  fever  and  in  which  the  bladder  is  filled  with  port 
wine  colored  urine,  the  kidneys  are  enlarged  and  of  a uniform  dark  brownish-red 
color  throughout.  The  usual  markings  are  pretty  well  effaced.  When  fresh  sec- 
tions are  examined  from  different  regions,  the  vascular  system  is  found  quite  uni- 
formly engorged  and  distended  with  red  corpuscles.  The  section  is  likewise  sprinkled 
over  with  very  minute  pigment  particles.  Sometimes  irregular  masses  of  red 
corpuscles,  run  together  as  it  were,  are  met  with  in  the  vessels  of  the  pyramids. 
Lesions  of  the  secreting  structures  are  not  discoverable.  Hemorrhages  are  uncom- 
mon. In  those  cases  which  succumb  after  the  haemoglobinuria  and  the  fever  have 
passed  away,  the  kidneys  are  paler  than  usual  and  the  texture  is  quite  fiabby.  Sec- 
tions of  the  fresh  tissues  show  in  the  cortex  a considerable  amount  of  pigment.  In 
some  cases  the  convoluted  tubules  are  the  elected  seat  of  pigment  deposit,  and  the- 
epithelium  of  tliese  tubes  may  be  so  filled  with  yellowish-red  pigment  that  they 
are  easily  traceable  in  their  windings  by  their  decided  color.  Fatty  changes  are 
occasionally  met  with  in  the  epithelium,  and  the  straight  tubules  of  the  pyramids 
may  be  filled  with  fat  globules.  Degenerative  or  necrotic  changes  of  the  epithelium 
were  not  noticed  in  sections  of  hardened  tissue  from  a few  cases  stained  in  various 
ways.  In  those  cases  in  which  the  capillaries  were  filled  with  red  corpuscles,  the 
latter  were  usually  all  infected  with  Texas-fever  parasites.  The  pelvis  and  its  rami- 
fications were  usually  found  beset  with  blood  extravasations.”  For  haemoglobinuria 
of  cattle,  Starcovici  states  that  the  kidney  capsule  is  hemorrhagic;  a large  hemor- 
rhagic spot  is  present  over  each  kidney,  extending  to  the  peritoneum.  The  kidneys 
are  large,  stiff,  brittle,  and  dark  red.  The  lining  membrane  of  the  pelvis  is  swollen 
and  ecchymotic.  The  kidney  changes  consist  in  an  overfilling  of  the  vessels,  and 
especially  of  the  glomeruli,  with  blood,  and  peculiar  desquamative  and  fibrinous 
yellow  masses  in  the  lumena  of  the  uriniferous  tubules,  the  epithelia  of  which  appear 
compressed  and  show  parenchymatous  alteration. 

For  canine  piroplasmosis,  Xuttall  (1904,  pp.  236-237)  records  that  according  to 
Hutcheon  the  kidneys  are  more  or  less  congested,  at  times  edematous,  with  dark- 
brown  cortex;  according  to  Robertson,  they  are  pale  and  friable;  in  France  they  are 
usually  greatly  congested,  and  the  capsule  strips  easily,  revealing  numerous  pete- 
chise;  on  section,  the  cortex  seems  to  be  congested,  and  shows  petechiie;  blood 
from  kidney  is  very  rich  in  parasites;  in  an  acute  case,  yellowish-red  fluid  exuded 
on  section. 
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SrPRARENALS. 

In  cn.se  11  (1901)  the  gross  appearance  of  the  left  suprarenal  was 
apparent!}^  normal;  the  right  suprarenal  appeared  congested,  otherwise 
normal. 

BLADDER. 

Wilson  and  Chowning  (1904a,  p.  42)  report  that  upon  autopsy  the  bladder  was 
normal,  and  contained  a small  amomit  of  urine  which  was  darker  than  normal. 
Anderson  (1903c,  pp.  33,  38)  reports  the  wall  of  the  bladder  apparently  normal,  the 
contents  about  4 ounces  of  urine  (case  120). 

In  case  3 the  ventral  wall  of  the  bladder  was  congested;  1 ounce  of  urine  of  nor- 
mal color  was  present.  In  case  89  the  bladder  and  urine  (about  3 ounces  present) 
were  normal.  In  case  91,  2 ounces  of  urine  of  normal  color  were  present.  In  case 
107  about  1 to  2 ounces  [or  4 ounce?]  of  apparently  normal  urine  was  present. — 
Wilson  and  Chowning,  1903a,  pp.  48,  52,  55. 

Andemon  (1903c,  p.  33)  reports  for  case  120,  that  the  bladder  was  apparently 
normal  and  contained  about  4 ounces  of  urine. 

CoMPAKisoNS. — Smith  and  Kilborne  (1903)  report  for  Texas  fever  that  the  bladder 
may  show  a few  ecchymoses  on  its  inner  surface,  and  most  cases  contain  1 to  4 quarts 
of  urine  holding  more  or  less  hemoglobin  in  solution. 

In  hemoglobinuria  of  cattle  the  bladder  is  filled  with  dark  red  to  black  urine, 
which  contains  much  hemoglobin,  but  usually  no  red-blood  corpuscles. 

In  carceag,  the  bladder  contains  pale  to  red-brown  urine  with  hemoglobin. 

For  canine  piroplasmosis,  Xuttall  (1904,  pp.  236-237)  says  that  the  bladder  may 
appear  normal  (Hutcheon,  Eobertson),  and  may  contain  urine  which  is  generally 
dark  brown  like  “pontac.”  In  France  prune-juice-like  urine  is  found  in  an  acute 
case. 

URIXE. 

Quantity. — Idaho. — In  the  Idaho  cases  the  urine  is  reported  as  “scanty”  by  Bow- 
ers (1896,  p.  64),  Fairchild  (1896),  Springer  (1896,  jd.  62),  and  Waxey  (1899,  p.  435). 

Montana. — For  Montana  patients  the  urine  is  reported  as  reduced  to  one-half  its 
normal  amount  (Wilson  and  Chowning,  1902a,  p.  133;  1903a,  jd.  64;  1904a,  p.  40; 
Anderson,  1903c,  pp.  21,  23).  Gates  (1903,  p.  49)  gives  it  as  32  ounces  for  24  hours 
following  his  first  visit  to  1 case;  it  then  gradually  diminished  until  2 days  before 
death,  when  there  was  complete  anuria.  Later  (1905,  pp.  111-113),  Gates  reports  the 
urine  as  lessened  in  amount  in  case  11;  much  lessened  at  times  in  case  15;  very  scant 
at  end  of  1st  week  in  case  16,  but  increased  to  normal  amount  by  end  of  2d  week. 

Wilson  and  Chowning  (1903a,  p.  58)  give  the  urine  in  the  bladder  as  normal  in 
case  94. 

In  1901  in  case  3 urine  was  passed  normally  on  May  10,  and  abun- 
dantly and  involuntarily  on  May  15;  in  case  5 it  was  passed  normal!}"; 
in  case  7 it  was  regular;  case  11  passed  6 ounces  in  21  hours  on  June 
25  and  8 ounces  in  21  hours,  June  26;  in  cases  12  and  13  it  was  scanty. 
The  quantity  of  urine  was  not  measured  regularly. 

Color. — For  Idaho  patients  the  urine  is  reported  as  of  high  color  (Bowers,  1896,  p. 
64;  Fairchild,  1896;  Maxey,  1899,  p.  435). 

For  Montana  patients  it  is  reported  as  “ slightly  above  normal  in  color  or  as  highly 
colored”  (Wilson  and  Chowning,  1902a,  pp.  132,  133;  1903a,  p.  64;  1904a,  pp.  37, 
40);  Anderson  (1903c,  p.  17)  reports  it  highly  colored  in  case  No.  97;  Gates  (1903, 
pp.  48,  49)  reports  it  as  highly  colored  in  one  case  and  dark  in  another  case.  Later, 
Gates  (1905,  pp.  111-113)  reports  the  urine  as  almost  brown  in  case  11;  highly  colored 
in  case  14;  and  dark  in  case  15. 
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In  1904.  the  urine  was  reddish  yellow  and  turbid  in  cases  5 and  11. 
with  a heavy  yellowish  precipitate  in  case  11;  it  was  of  high  color  in 
case  13. 

Specific  gravity. — For  Idaho  cases  it  is  reported  as  of  high  specific  gravity  by  Bow- 
ers (1896,  p.  64). 

In  1904.  the  specific  gravity  was  lOlS  for  case  11.  1U22  for  case  9, 
1028  for  case  5,  and  1030  for  case  13. 

Reaction. — Maxey  (1899,  p.  435)  gives  it  as  acid  in  Idaho. 

In  1904  the  reaction  was  acid  in  cases  5.  9,  and  11. 

Alburnen. — In  Idaho  cases  no  albumen  was  found  by  Fairchild  (1896)  and  Maxey 
(1899,  p.  435). 

In  Montana  AVilson  and  Chownmg  (1903a,  p.  64;  1904a,  p.  40)  found  a small 
amount  of  albumen  in  each  of  5 cases  examined.  Anderson  (1903c,  p.  23)  states 
that  a small  amount  of  albumen  was  found  in  all  cases  examined,  but  his  protocol  of 
case  121  (pp.  34—37)  denies  albumen  for  this  case;  he  gives  albumen  (pp.  31,  32)  for 
case  120.  Gates  (1903,  pp.  48,  49)  gives  slight  amount  of  albumen  for  one  case  when 
first  seen,  and  also  for  another  case  during  the  second  week,  while  it  was  absent 
when  first  seen.  Later  (1905,  pp.  111-113)  Gates  reports  some  albumen  for  his  case 
11;  none  for  case  14;  a trace  in  case  15;  some  albumen  was  found  at  times  in  case  16. 

In  1904  albumen  was  found  in  case  5 (May  18).  a trace  was  present 
in  case  9.  and  a small  amount  in  case  11.  Xo  albimien  was  found  in 
cases  12  and  13.  In  none  of  these  cases  was  a daily  test  made. 

Sugar. — Xo  sug*ar  was  found  in  1904  in  cases  9,  11.  12.  and  13. 

Urea. — Urea  was  3.5  per  cent  in  case  11  (1904). 

Bile. — Xo  bile  (Gmelin)  was  present  in  case  11  (1904). 

CaMs. — Both  granular  and  blood  casts  were  found  in  each  of  5 cases  examined  by 
Wilson  and  Chowning  (190.3a,  p.  64),  and  later  (1904a,  p.  40)  in  4 additional  cases. 
Anderson  (1903c,  pp.  21,  23)  states  that  granular,  hyaline,  and  epithelial  casts  may 
be  found;  (p.  36)  he  found  no  casts  in  case  121;  no  casts  (p.  31)  were  found, in  case 
120  on  Way  8,  but  granular  and  epithelial  casts  were  present  on  May  11.  Gates 
(1903,  p.  49)  reports  some  hyaline  and  granular  casts  for  one  case  when  first  seen 
(May  11),  and  an  enormous  number  of  granular,  blood,  and  epithelial  casts  for  the 
same  case  in  the  last  sample  [date?]  taken.  Later  (1905,  p.  112)  he  reports  numerous 
blood  and  epithelial  casts  for  case  15  (1904),  and  says  that  the  urine  of  case  16  con- 
tained many  blood  and  epithelial  casts,  but  later,  by  the  end  of  the  second  week, 
it  was  free  from  casts. 

In  1904  granular  casts  were  abundant  in  case  9.  Case  11  contained 
abundant  vaginal  and  small  round  epithelial  cells,  and  numerous  blood, 
epithelial,  and  granular  casts,  also  much  granular  debris. 

Hematuria. — Anderson  (1903c,  pp.  31,  32)  found  no  red  blood  cells  in  case  120, 
and  Gates  (1903,  p.  49)  reports  red  and  white  blood  cells  in  the  last  sample  taken  in 
one  case.  See  also  blood  ca.sts,  under  “Casts,”  above,  p.  84. 

In  1904  case  9 showed  no  blood.  Case  11  showed  free  red  and  white 
blood  cells  (Ashburn). 

Hemoglobinuria. — Hemoglobinuria  is  reported  as  absent  or  very  slight  by  AVilson 
and  Chowning  (1903a,  p.  64;  1904a,  p7  40). 

Deposits. — Maxey  (1899,  p.  435)  says,  in  reference  to  Idaho  cases,  that  the  “urine 
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is  loaded  with  amorphous  urates,”  and  Anderson  (1903e,  p.  31)  reports  heavy  deposit 
of  phosphates  in  case  120,  in  Montana. 

Po^t-mortt'.m.—XmlevQon  (1903c,  p.  38)  states  that  usually  a small  quantity  of  highly 
colored  urine  is  found  in  the  bladder  on  post-mortem  examination.  (See  under  Blad- 
der, p.  83.) 

Comparison. — For  Texas  fever.  Smith  and  Kilborne  describe  the  urine  as  follows: 

“Next  to  the  high  temperature  the  condition  of  the  urine  demands  our  attention. 
The  one  sign  regarded  as  peculiar  and  pathognomonic  in  this  disease  is  the  discharge 
of  urine  having  the  color  of  blood.  This  color  is  not  due  to  a discharge  of  blood 
from  the  kidneys  and  subsequent  breaking  up  of  the  red  corpuscles,  but  to  a filtra- 
tion of  the  coloring  matter  of  broken-down  red  corpuscles  (haemoglobin)  already  in 
solution  in  the  circulation  into  the  urine  in  the  excretory  structures  of  the  kidneys. 
This  fact  was  first  pointed  out  in  1868  by  R.  Cresson  Stiles.  In  using  the  term 
haemoglobinuria  this  is  all  that  is  meant  in  this  report.  * * * Haemoglobinuria 
may  be  said  to  be  present  in  most  acute  fatal  cases  of  Texas  fever.  Out  of  46  fatal  cases 
in  which  urine  was  in  the  bladder  after  death,  haemoglobin  was  present  in  33  cases. 
A careful  examination  of  the  notes  will  show  that  in  13  negative  cases  the  animals 
were  killed  in  the  earliest  stages  of  the  fever,  or  else  they  died  or  were  killed 
after  the  number  of  blood  corpuscles  had  been  greatly  reduced  and  the  acute 
stage  of  the  disease  was  over.  In  the  former  cases  the  haemoglobin  had  not  yet  been 
set  free  from  the  corpuscles;  in  the  latter  cases  it  had  probably  been  eliminated  one 
or  more  days  before  death.  How  frequently  ‘red  water’  is  passed  before  death  we 
can  not  state  with  any  degree  of  certainty,  since  its  discharge  may  wholly  escape 
observation.  AVe  have  a record  of  haemoglobinuria  in  but  four  cases:  In  No.  43  on 
the  third  day  before  it  was  killed  (probably  12  to  24  hours  before  death) , and  in  No. 
198,  24  hours  before  death.  In  some  of  these  cases  it  so  happened  that  the  urine  was 
passed  while  the  animal  was  undergoing  examination.  It  is  interesting  to  note  in 
connection  with  the  statements  made  that  in  No.  44  no  ‘red  water’  was  found  in 
the  bladder  after  death,  although  it  had  been  passed  4 days  previously.  AVhether 
hfemoglobinuria  is  always  present  in  acute  cases  of  Texas  fever,  it  is  impossible  to  state 
definitely.  As  it  seems  to  depend  upon  the  rapidity  with  which  the  red  blood  cor- 
puscles are  infected  and  destroyed,  a slower  destruction  may  allow  other  organs  to 
take  charge  of  the  debris  and  thus  forestall  the  discharge  of  haemoglobin  in  the  urine. 
In  the  notes  will  be  found  the  record  of  haemoglobinuria  in  but  one  acute  case  which 
recovered  (No.  49),  while  in  a number  of  cases  in  which  the  urine  was  collected,  some- 
times in  the  height  of  the  fever,  sometimes  after  it  had  departed,  no  haemoglobinuria 
was  detected.  In  this  solitary  case  the  high  temperature  first  appeared  August  18. 
On  August  23,  the  temperature  being  still  above  105°,  the  urine  was  free  from  haemoglo- 
bin, but  contained  a small  quantity  (0.05  per  cent)  of  albumen.  On  August  27  the 
temperature  had  become  normal,  but  a second  paroxysm  followed  soon  after,  and  on 
September  4 and  5 the  urine  was  of  a port-wine  color.  Urine  collected  September  6 
was  again  of  normal  color.  The  urine  during  the  fever,  when  free  from  haemo- 
globin, contains  in  many  instances  a small  quantity  of  albumen.  The  specific  gravity 
may  at  first  be  high  (1,030  to  1,040),  and  it  may  be  strongly  alkaline  and  effervesce 
with  acids  as  in  health,  but,  as  the  disease  progresses,  and  when  the  animal  eats  but 
little,  its  specific  gravity  will  fall  to  1,010  to  1,020;  it  fails  to  effervesce  with  acids  and 
is  faintly  alkaline  or  even  slightly  acid.  AVhen  the  fever  has  subsided  the  urine  has 
been  observed  to  be  in  a few  cases  very  watery,  i.  e.,  of  very  low  specific  gravity  and 
feeble  in  color.  Within  one  or  two  weeks,  however,  the  normal  condition  is  restored. 

“ The  urine  which  contains  the  coloring  matter  of  the  blood  varies,  as  might  be 
expected,  very  much  in  depth  of  color,  according  to  the  concentration  of  the  hiemo- 
globin.  It  may  have  a yery  light  claret  color,  or  it  maybe  so  deeply  tinted  as  to  appear 
opaque  and  blackish.  In  a test  tube  when  viewed  by  transmitted  light  it  may  barely 
permit  the  light  to  pass  unless  diluted  with  water.  Such  urine  is,  as  a rule,  entirely 
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free  from  suspended  matter  and  blood  corpuscles.  The  latter  may  sometimes  be 
found  in  small  numbers  when  the  urine  is  permitted  to  stand,  and  they  may  lie 
derived  from  small  hemorrhages  in  the  pelvis  of  the  kidney,  quite  regularly  observed 
at  autopsies.  The  coloring  matter,  as  has  been  stated  above,  is  derived  from  cor- 
puscles broken  up  within  the  circulation,  and  not  outside  in  the  bladder.  When 
such  urine  is  treated  with  a little  acetic  acid  a brownish  flocculent  precipitate,  prob- 
ably of  the  derivatives  of  haemoglobin,  appears.  When  boiled,  a brownish  flaky  pre- 
cipitate forms,  which  rises  to  the  surface  as  a scum.  As  might  be  expected  such 
urine  always  reacts  in  the  presence  of  the  usual  tests  for  albumen.  * * * Suffice 
it  to  say  that  in  very  opaque  urines  the  precipitate  is  quite  abundant  and  corresponds 
when  Esbach’s  test  is  applied,  to  from  1 to  3 per  cent  of  albumen. 

“The  * * * haemoglobinuria  is  * * * occasionally  observed  during  life,  and 
probably  with  the  aid  of  a catheter  may  be  seen  much  more  frequently.  * * * 
Very  little  need  be  said  of  the  other  characters  of  ‘red  water.’  When  found  in  the 
bladder  after  or  collected  shortly  before  death  its  specific  gravity  is  usually  low  (1,010  to 
1,020)  and  it  is  feebly  alkaline  or  acid.  There  is  mo  effervescence  with  acids.  After 
standing,  a few  granular  casts  and  rarely  urates  are  found  in  the  very  slight  sedi- 
ment. The  greater  the  number  of  days  before  death  that  it  is  collected  the  more 
nearly  it  approaches  normal  urine  as  regards  specific  gravity  and  alkalinity.” 

Starcovici  reports  bloody  urine  as  regular  in  the  severer  cases,  but  not  observed  in 
the  lighter  forms  of  bovine  hemoglobinuria.  In  carceag  bloody  urine  is  less  frequent. 

For  canine  piroplasmosis,  Nuttall  (1904,  pp.  232-233)  reports  as  follows: 

South  Africa:  “All  cases  I have  observed  have  been  acute,  and  haemoglobinuria 
was  present,  also  albuminuria.  The  urine  was  claret  or  brownish-red  in  color,  or 
resembling  coffee  grounds.  Lounsbury  and  Robertson  consider  this  brown  coloring 
an  unfavorable  symptom,  indicating  a fatal  termination.  Haemoglobinuria  was  noted 
by  Hutcheon  (1899).  It  may  be  absent  in  fatal  cases,  as  in  red  water  (Robertson,  p. 
329).  In  one  urine  I examined  I found  the  reaction  acid,  albumen,  haemoglobin, 
bile  salts,  and  pigments,  a considerable  deposit  consisting  of  spermatozoa  (chiefly), 
granular  casts,  epithelium,  leucocytes,  granular  detritus,  crystals  of  salts,  and  a few 
erythrocytes.  There  were  no  spermatozoa  or  bile  salts  and  pigment  present  on  the 
day  preceding  death  (dog  1).  Xo  haemoglobinuria  was  observed  in  the  chronic 
case  recorded  in  Chart  V.” 

France:  “ In  acute  cases  urine  albuminous  at  onset  before  parasites  can  be  found 
in  the  blood.  Albuminuria  persists  until  death,  increasing  with  number  of  par- 
asites present.  Haemoglobinuria:  Urine  pink,  dark  red,  blackish,  like  prune  juice 
or  coffee  grounds,  according  to  its  degree.  No  erythrocytes  in  urine.  Oxyhaemoglo- 
bin  may  amount  to  2.5  per  cent.  Hjemoglobinuria  appears  soon  after  parasites  are 
seen  in  the  blood,  and  in  very  acute  cases  persists  until  death,  and  is  found  in  blad- 
der at  autopsy.  Hjemoglobinuria  inconstant,  noted  in  3 out  of  6 cases  by  Xocard 
and  Almy;  this  may  be  due  to  its  being  at  times  very  transitory.  Xocard  and  Motas 
observed  more  or  less  lasting  and  severe  Imemoglobinuria  in  43  out  of  63  dogs.  Bile 
pigment  present  in  cases  showing  icterus  and  haemoglobinuria.  Reaction  acid  only 
found  neutral  twice,  alkaline  once.  Polyuria  rare. 

“In  chronic  cases  urine  usually  slightly  albuminous  at  start,  condition  lasting  15-20 
days.  Haemoglobinuria  very  rare;  lasts  1 to  2 days.  Urine  may  be  icteric.  Reac- 
tion acid  only  once  found  neutral;  this  attributable  to  other  causes  (sugar  found).” 

It  will  thu.s  be  seen  that  while  Wilson  and  Chowning*  report  h^emo- 
g’lobinuria  as  absent  or  veiy  slight  in  “ spotted  fever,”  this  is  a promi- 
nent s^nnptom  in  piroplasmatic  diseases.  If,  therefore,  ‘‘  spotted 
fever”  is  a piroplasmosis,  it  differs  in  this  very  characteristic  s^nnptom 
quite  markedly  from  other  maladies  caused  by  parasites  of  the  same 
genus. 
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GENITAL  SYSTEM. 

See  Genitalia,  page  55. 

Several  M^omeii  have  been  taken  sick  while  pregnant.  Case  121  M-as  two  months 
pregnant  (Anderson,  1903c,  p.  34),  but  apparently  did  not  abort. 

Wilson  and  Chowning  (1904a,  p.  42)  report  the  uterus  as  aiiparently  normal  in  the 
3 females  examined. 

In  case  11  (1901:)  patient  aborted;  the  uterus,  upon  autopsy,  meas- 
ured 11  by  13  cm.,  was  soft,  but  normal  in  appearance  for  a recently 
delivered  uterus;  on  section  it  was  normal;  the  vagina  showed  slight 
blood}^  discharge;  the  ovaries  were  normal;  right  ovary  contained 
corpus  luteum. 

In  case  3 menstruation  occurred  for  one  hour  on  May  11,  and  then 
stopped;  it  began  again  during  the  night  of  May  11-15,  and  flowed 
freely  until  death.  Her  former  menstruation  was  on  April  11,  so 
that  the  disease  appears  to  have  delayed  her  menses.  Case  5 men- 
struated just  prior  to  attack. 

' Relapses. 

Case  53  (Gwinn’s  patient,  1899)  relapsed  after  abortive  treatment  (Wilson  and 
Chowning,  1903a,  p.  35;  Anderson,  1903c,  p.  15).  According  to  Gwinn  (1902) 
relapse  is  favored  by  getting  up  from  bed  too  soon,  or  by  muscular  exertion,  or 
exposure  to  cold. 

We  saw  no  relapses  in  1901. 

Comparison. — In  carceag  there  is  usually  1 attack;  in  some  cases  there  is  1 or  2 
days  of  remission,  then  a second  attack. 

COMPLICATIONS. 

Idaho, — Some  cases  develop  rheumatic  trouble,  particularly  of  the  larger  joints. 

Montana. — Hypostatic  pneumonia,  rheumatism,  gangrene,  and  hemorrhagic  diathe- 
sis seem  the  most  usually  to  complicate  the  disease  (McCullough,  1902,  p.  226); 
pneumonia  predominates  in  frequency  as  a complication,  and  such  involvement  of 
the  lungs  along  with  the  predominating  illness  generally  terminates  the  case. 

Hypostatic  pneumonia  is  a frequent  complication  for  a day  or  so  before  death;  one 
case  had  to  all  appearances  genuine  lobar  pneumonia;  one  case  gave  well-marked 
symptoms  of  acute  inflammatory  rheumatism  as  complication;  one  case  was  compli- 
cated with  abscess  and  gangrene  (Gwinn,  1902). 

The  symptoms  noted  are  sometimes  complicated  by  gangrene,  hypostatic  pneu- 
monia, articular  rheumatism,  etc. ; hypostatic  pneumonia  sometimes  develops;  lobar 
pneumonia  occasionally  occurs  as  a complication,  and  usually  hastens  the  end  ( Wilson 
and  Chowning,  1904a,  p.  40). 

According  to  Anderson  (1903c,  p.  23)  lobar  pneumonia  is  a frequent  complication 
in  fatal  cases;  cases  44,  74,  and  75  were  complicated  \vith  pneumonia  (1903c,  p.  15). 

CONVALESCENCE. 

Idaho. — Convalescence  is  established  during  the  third  week,  and  is  usually  pro- 
longed (Bowers,  1896).  It  is  remarkably  slovq  and  may  be  prolonged  for  months 
(Dubois,  1896,  p.  64).  It  usually  begins  by  or  follows  a stage  of  profuse  sweating 
(Fairchild,  1896),  and  during  convalescence  the  cough  remains  (Figgins,  1896,  p.  64). 
Sweet  (1896,  p.  61),  on  the-other  hand,  states  that  convalescence  is  usually  rapid. 

Montana. — Convalescence  in  case  78  began  at  the  end  of  23  days,  and  about  the 
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twelfth  day  in  case  103.  It  was  very  slow  in  cases  113  and  114,  10  or  12  weeks  pass- 
ing before  the  patients  were  able  to  work;  health  afterwards  was  not  so  good  (Ander- 
son, 1903c,  pp.  14,  15,  16.  17  ).  See  also  Duration,  page  42. 

Gates  reports  that  his  case  Ao.  15  suffered  from  severe  intercostal  neuralgia  during 
convalescence. 

CoMPAEisoxs. — ^In  carceag  convalescence  lasts  about  14  days. 

PROGNOSIS. 


Idaho. — Delirium  or  involvement  of  the  nervous  system  is  a had  prognostic  sign; 
the  amount  of  fever  is  deceptive,  as  fatal  cases  may  have  a temperature  not  exceeding 
103°  Bowers,  1896,  p.  64).  Prognosis  is,  as  a rule,  quite  favorable,  if  the  patient  is 
transferred  to  the  lower  valleys,  where  he  can  have  home  comforts  and  proper  c-are; 
the  disease  appears  to  be  more  malignant  in  some  localities  than  it  is  in  others;  the 
recovery  is,  in  the  majority  of  cases,  complete  (5Iaxey,  1899,  p.  438'). 

Montana. — If  the  patient  he  promptly  and  thoroughly  treated  as  here  set  forth 
see  below,  p.  92)  within  12  to  24  hours  after  the  onset,  nearly  all  attacks  can  be 
abated:  but  when  the  case  is  seen  later,  and  the  disease  he  not  broken  up,  about  60 
per  cent  or  more  prove  fatal  i Gwinn,  1902).  In  milder  cases,  where  symptoms  are 
not  so  marked,  in  which  the  jaundice,  delirium,  high  temperature,  eruption,  and 
systemic  infection  are  slight  or  entirely  absent,  the  prognosis  is  usually  favorable; 
it  is  very  grave  in  typical  severe  cases,  but  there  is  no  doubt  that  many  mild  and 
moderately  severe  cases  recover;  where  the  systemic  infection  is  pronounced,  jaundice 
very  plainly  discernible  over  entire  body,  delirium  of  low  muttering  type,  hemor- 
rhagic diathesis  portrayed  in  the  dusky  appearance  of  the  eruption,  these  cases 
invariably  die;  typical  cases  run  a well-defined  course,  and  patients  surviving  the 
fourteenth  to  sixteenth  day  are  likely  to  recover  i 5IcCur.ough,  1902,  pp.  25,  27 1 . 

In  ^Montana,  cases  of  the  mild  type  of  the  disease,  which  show  no  spots,  are  as  yet 
too  indefinitely  differentiated  to  permit  of  their  inclusion  "with  those  of  the  severe 
type  which  invariably  develop  the  eruption;  that  such  cases  exist  there  can  be  no 
doubt;  they  are  never  fatal;  on  the  other  hand,  the  cases  which  are  marked  by  the 
eruption  have  a mortality  of  70  to  80  per  cent  (Wilson  and  Chowning,  1902a,  p.  133; 
1903a,  p.  65;  1904a.  p.  40  •.  It  is  unsafe  to  prognosticate  a favorable  termination  in 
a case  of  mild  initial  symptoms,  since  many  such  cases  rapidly  l>ecome  fatal  i Wilson 
and  Chowning,  1903a,  p.  66).  Prognosis  of  cases  in  Idaho,  Xevada,  and  Wyoming 
is  much  more  favorable  i Wilson  and  Chowning.  1904a,  p.  41). 

The  abundance  of  the  eruption  apparently  bears  no  relation  to  the  severity  of  the 
disease  i Anderson,  1903c,  p.  39). 

Gates  (1905,  p.  115 ) states  that  in  his  experience  the  cases  in  children  have  been 
mild. 

LETHALITY. 

See  also  page  37. 

Idaho. — The  lethality  is  about  2.5  per  cent;  in  fleshy  subjects  the  disease  is  a 
serious  affection,  but  particularly  in  the  aged  it  is  fatal;  from  the  fifth  to  the  eighth 
decade  the  lethality  progressively  increases  from  5 to  50  per  cent  i Bowers,  1896, 
p.  64).  Collister  (1896,  p.  63)  reports  that  the  death  rate  is  not  very  high:  in  chil- 
dren it  will  not  exceed  1 per  cent,  and  in  old  age  it  varies  from  4 to  5 per  cent. 
According  to  Dubois  (1896,  p.  64),  the  lethality  persists  during  the  entire  attack  from 
14  to  28  days;  it  is  not  high,  but  weak  subjects,  and  even  strong  ones,  succumb  from 
intercurrent  affections  of  the  bowels,  kidneys,  or  heart;  it  may  be  called  a nonfatal 
disease.  In  FairchikTs  experience  (1896)  the  death  rate  is  low,  jterhaps  2 or  3 per 
cent.  Figgins  (1896,  p.  64)  has  seen  but  1 fatal  case  in  about  60  cases  he  treated, 
extending  over  a period  of  14  years;  death  in  this  case,  he  believes,  was  superinduced 
by  years  of  dissipation  and  by  age.  According  to  Springer  (1896,  p.  62)  the  death 
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rate  is  probably  about  1 or  2 per  cent,  but  higher  in  old  people;  death  usually  occurs 
from  exiiaustion.  Sweet  (1896)  says  that  the  death  rate  is  slight,  and  Zipf  ( 1896,  p.  65) 
states  that  the  disease  is  very  seldom  fatal;  he  has  heard  of  only  1 fatal  case  this 
year  (1896),  and  this  patient  had  always  been  of  weak  constitution. 

Montana. — Spotted  fever  is  verv  fatal,  but  perhaps  not  more  so  than  Asiatic  cholera 
or  yellow  fever;  it  is  more  fatal  in  adult  males  than  in  Avomen  and  children.  Han- 
bidge  reports  12  fatal  cases  in  16;  Gwinn,  30  fatal  in  40  severe  cases;  St.  Patrick 
Hospital,  12  fatal  in  15;  HcCullough,  about  75  per  cent  fatal  (McCullough,  1902, 
pp.  225,  227).  Anderson  (1903c,  p.  38)  gives  the  case  mortality  as  about  70  per 
cent.  The  mortality  varies  within  narrow  limits  from  year  to  year;  some  years  as 
many  as  90  per  cent  of  those  attacked  dying.  Wilson  and  Chowning  (1903a,  p.  65; 
1904a,  p.  41)  give  tables  showing  the  case  mortality  for  various  ages  of  males  and 
females  (see  aboA^e,  under  “Sex  and  age,”p.  37).  Cases  Avhich  are  marked  by  the 
eruption  have  a mortality  of  70  to  80  per  cent,  but  cases  Avithout  the  eruption  are 
neA’er  fatal  (1902a,  p.  133;  1903a,  p.  65;  1904a,  p.  42). 

Co.AiPARisox. — In  Texas  fever  the  lethality  A’aries  greatly.  The  time  of  the  out- 
break Avill  largely  decide  Avhether  practically  all  of  the  animals  attacked  die  or  all 
surviA'e;  a midsummer  outbreak,  Avhen  acute  in  its  nature,  is  the  most  fatal.  From 
this  there  may  be  all  gradations  toAvard  the  mild,  nonfatal  form  of  late  summer. 
(Smith  and  Kilborne,  1893,  p.  23).  Starcovici  giA’es  the  lethality  as  about  50  per 
cent  for  hemoglobinuria  and  50  to  60  per  cent  for  carceag. 

In  Texas  fever  death  usually  occurs  from  the  fourth  to  the  fourteenth  day;  in 
hemoglobinuria,  in  A'arious  stages  of  the  disease;  in  carceag,  usually  from  the  second 
to  the  fifth  day. 

DEATH. 

Idaho. — Death  in  adults  and  the  aged  results  from  toxemia  and  exhaustion 
( BoAA’ers,  1896,  p.  63) . Death  usually  results  from  exhaustion  (Springer,  1896,  p.  62) . 
It  is  usually  due  to  lowered  A’itality  from  other  causes,  such  as  bad  air  and  surround- 
ings (SAA’eet,  .1896).  . 

2[ontana. — Wilson  and  Chowning  (190da,  p.  41)  have  tabulated  88 
cases  with  reference  to  date  of  death  and  have  shown  that  in  69  of 
these  death  occurred  from  the  sixth  to  eleventh  days,  inclusive. 
Adding  to  these  statistics  the  cases  recorded  by  Gates  and  those  I 
have  collected  we  find  that  death  occurred  on  the — 
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DIAGNOSIS. 


SPECIFIC  DI.AGXOSIS. 

Idaho. — After  once  seeing  and  recognizing  spotted  feA’er  the  diagnosis  is  easy;  there 
is  no  occasion  for  making  a mistake;  eA^en  the  laity  recognize  it  on  sight;  its  peculiar 
habitat  and  endemic  character,  the  seA’ere  aching  pains  in  the  muscles,  joints,  bones, 
and  head,  the  absence  of  gastro-intestinal  symptoms,  the  temperature  range,  the 
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invariable  appearance  on  the  third  to  tlie  seventh  day  of  a profuse  eruption  of  rose-  * 
colored,  unelevated  spots,  first  noticeable  on  the  wrists  and  ankles,  and  rapidly 
spreading  over  the  entire  body,  the  frequency  of  constipation,  and  the  marked 
debility  noticeable  during  convalescence  all  go  to  make  up  a clinical  picture  char- 
acteristic only  of  spotted  fever;  in  3 or  4 cases  in  which  I have  used  Ehrlich’s  diazo 
test  the  result  has  been  negative  (Maxey,  1899,  pp.  436,  437).  Epistaxis  (see,  how- 
ever, p.  52),  diarrhea,  iliac  tenderness,  and  gurgling  are  said  to  be  seldom,  if  ever, 
present  (Medical  Sentinel,  p.  457). 

Montana. — Generally  bad  feeling,  coated  tongue,  constipation,  accelerated  pulse 
and  temperature,  the  expression  denoting  profound  intoxication  of  the  entire  system 
with  some  grave  illness,  the  unusual,  intense  soreness  all  over  the  body,  affecting  both 
bones  and  muscles,  perhaps  more  marked  along  the  spine  and  back  of  the  neck  and 
head,  the  icterus  appearing  from  the  fifth  to  tenth  day  of  illness,  and  the  character- 
istic eruption  following,  leave  little  room  for  doubt  regarding  the  type  of  illness  with 
which  we  have  to  contend  (McCullough,  1902,  p.  226). 

According  to  Anderson  (1903a,  p.  508,  1903c,  p.  39),  cases  occurring  in  infected 
localities  and  presenting  a history  of  tick  bites,  chill,  pain  in  head  and  back,  muscu- 
lar soreness,  constipation,  macular  eruption,  first  on  the  wrists  and  ankles,  appearing 
on  the  third  day  of  illness,  becoming  petechial  in  character,  do  not  present  difficulty 
in  diagnosing  spotted  (tick)  fever;  blood  examination  should  be  made  in  all  suspi- 
cious cases. 

While  the  diiferent  cases  of  spotted  fever  vary  to  no  inconsiderable 
degree,  this  variation  in  si’iiiptomatolog}"  is  perhaps  not  greater  than 
it  is  in  many  other  diseases.  As  for  the  blood  examination  to  find  the 
parasite,  as  a test  in  diagnosis,  I must  take  the  position  that  this  is  not 
at  present  upon  a firm  foundation.  Ashburn  and  I are  as  expert  with 
the  microscope  as  the  average  pln^sician,  }"et  we  were  not  able  to  find 
the  parasite  in  the  cases  we  examined,  although  we  spent  a total  of 
•too  hours  of  actual  microscopic  work,  equivalent  to  80  days’  work  of 
5 hours  each. 

DIFFERENTIAL  DIAGNOSIS. 

Idaho. — This  disease  differs  principally  in  the  occurrence  of  the  symptoms  from  our 
occasional  mountain  fever,  which  seems  to  be  similar  to  the  mountain  fever  of  the 
eastern  Rocky  Mountain  region,  a tyi)homalaiia,  or  at  least  a modified  typhoid 
(Sweet,  1896).  “As  I have  known  physicians  to  call  it  ‘dengue  fever,’  cerebrospinal 
meningitis,  typhoid,  rheumatic  purpura,  typhus,  and  measles,  I may  be  pardoned 
for  taking  up  the  differential  diagnosis  and  calling  your  attention  to  the  salient  points 
of  difference  in  support  of  the  theory  that  this  spotted  fever  is  an  independent,  spe- 
cific disease,  and  related  in  no  way  to  any  disease  described  in  our  text-books  on 
practice.” — Maxey,  1899,  p.  436. 

TYPHUS. 

Idaho. — Maxey  (1899,  p.  438)  states  that  he  has  known  one  or  two  physicians  who 
invariably  diagnosed  spotted  fever  as  “typhus  fever,”  but  he  calls  attention  to  the 
fact  that  typhus  is  an  epidemic,  contagious,  malignant  disease,  more  prevalent  in  the 
winter  season  and  in  thickly  populated  or  crowded  districts,  and  attacks  men,  women, 
and  children  alike;  the  onset  is  abrupt,  with  chill,  followed  by  a violent  fever  and 
pain  in  the  head;  the  eruption,  red  and  measly,  appears  on  the  fifth  to  seventh  day; 
there  is  also  a peculiar  mottling  of  the  skin  all  over  the  body  except  the  face. 

Montana. — “Spotted  fever  more  nearly  resembles  typhus  fever  than  any  other  con- 
tinued fever  with  which  I am  familiar,  with  the  exception  that  it  is  not  conta- 
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gious”  (see  above,  p.  44). — McCullough,  1902,  p.  225.  Gwimi  (1902)  says:  “I  have 
been  unable  to  find  any  marked  difference  by  which  to  distinguish  it  [spotted  fever] 
from  this  disease  [typhus],  save  that  typhus  is  by  most  authors  given  as  a conta- 
gious disease,  while  the  affection  under  discussion  certainly  is  not  contagious,  and 
does  not  occur  in  crowded,  filthy  places,  like  jails,  etc.,  as  does  typhus.  Had  this 
difference  not  existed  I should  never  have  claimed  that  this  disease  was  one  not 
described  by  medical  literature.  That  one  is  contagious  while  the  other  is  not  is 
such  a radical  difference  that  one  can  not  be  justified  in  calling  them  the  same. 
Either  we  have  a disease  to  contend  with  heretofore  undescribed  by  authors  or  most 
of  our  authors  are  mistaken  as  to  the  contagiousness  of  typhus.”  Anderson 
(1903c,  p.  40)  says:  “Spotted  (tick)  fever,  I think  more  closely  resembles  typhus 
fever  than  other  disease,  and  cases  of  typhus  fever  occurring  in  a locality  in  which 
spotted  fever  prevails  would,  without  a blood  examination  and  close  bedside  obser- 
vation, cause  much  trouble  in  diagnosis.  In  typhus  we  have  a longer  period  of 
incubation,  absence  of  a history  of  tick  bites,  the  eruption  which  first  appears  on  the 
abdomen  and  chest,  its  intensely  contagious  character,  especially  prevalent  in  the 
winter  months,  not  limited  to  a short  time  in  the  spring,  and  marked  nervous  symp- 
toms. As  before  mentioned,  two  cases  of  spotted  fever  have  never  been  known  to 
occur  in  the  same  family  the  same  season  (see,  however,  abo-ve,  p.  43),  thus  conclu- 
sively showing  the  noncontagious  character  of  the  disease.” 

TYPHOID. 

Idaho. — Many  patients  after  a few  days  pass  into  a typhoid  condition  (Springer, 
1896,  p.  62).  Epistaxis,  diarrhea,  and  other  abdominal  symptoms,  the  scattering, 
petechial  eruptions  not  appearing  until  the  end  of  the  first  week,  the  absence  of 
severe  pains  in  the  muscles  of  the  limbs  and  back,  the  nerve  symptoms,  the  char- 
acteristic tongue,  and  the  greater  prevalence  in  the  autumn,  render  the  differentiation 
quite  plain;  in  the  3 or  4 cases  of  spotted  fever  in  which  Ehrlich’s  diazo  test  has  been 
used  the  result  has  been  negative  (Maxey,  1899,  p.  437). 

Montana.— AX  the.  onset,  the  whole  facies  in  spotted  fever  is  in  certain  respects 
typhoid  (Wilson  and  Chowning,  1902a,  p.  132;  1903a,  p.  62;  1904a,  p.  37).  Anderson 
(1903c,  p.  39)  says  that  typhoid  resembles  spotted  fever,  but  the  rose  spots  appearing 
first  on  the  abdomen — papular  in  character — diarrhea,  Widal  reaction,  and  presence 
of  typhoid  bacilli  in  cultures  from  the  blood  of  typhoid  fever,  and  the  presence  of 
parasites  in  the  red  cells  of  spotted  fever  (see,  however,  above,  p.  90),  suffice  to  sep- 
arate distinctly  the  two  diseases. 

MENINGITIS. 

Idaho. — Before  death,  children  have  symptoms  of  meningitis  (Bowers,  1896,  p.  63). 
Maxey  (1899,  p.  437),  in  speaking  of  meningitis,  refers  to  its  occurrence  in  winter, 
its  malignancy,  its  predilection  for  children,  sudden  onset  with  chill  or  convulsion, 
the  severe  headache  or  vomiting,  painful  rigid  or  contracted  condition  of  the  muscles 
of  the  back  of  the  neck,  with  opisthotonos,  the  irregular  fever,  the  scattering  petechial 
or  purpural  eruption  not  present  in  all  cases,  the  hyperesthesia,  disorders  of  special 
senses,  stupor  or  coma. 

Montana. — Gwinn  (1902)  mentions  in  one  case  rigidity  of  the  muscles  of  the  neck 
and  back,  very  much  resembling  that  of  cerebrospinal  meningitis;  when  spotted 
fever  is  seen  after  the  eruption  begins  to  darken  it  may  be  distinguished  from  cerebro- 
spinal meningitis  by  the  absence  of  the  typical  vomiting,  the  rigidly  contracted 
muscles  of  the  neck  and  back,  the  herpes,  and  the  irregular,  low-averaging  tempera- 
ture of  the  latter  disease.  McCullough  (1902,  p.  225)  considers  spotted  fever  as  dis- 
tinct from  meningitis.  Anderson  (1903c,  p.  39)  says  in  reference  to  meningitis  that 
“the  stiffness  of  the  muscles  of  the  neck,  photophobia,  sensitiveness  to  sudden  noises, 
headache,  and  rigidity  of  the  muscles  of  the  back  and  neck,  with  the  not  altogether 
constant  irregularly  situated  rash,  should  not  cause  much  trouble.” 
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It  seemed  to  me  that  cases  occur  which  are  not  so  easily  differenti- 
ated symptomatically  from  some  cases  diagnosed  as  cerebrospinal 
meningitis,  as  the  above  remarks  would  lead  one  to  believe.  However, 
“spotted  fever-’  does  not  show  post-mortem  lesions  which  would 
justify  us  in  classifying  it  as  meningitis.  (See  also  page  79.) 

DENGUE. 

Idaho. — Dengue  or  breakbone  fever  is  an  epidemic,  contagious  disease,  found  only 
in  subtropical  climates.  Its  onset  is  abrupt  with  chill  and  intense  pains  in  head  and 
back,  followed  by  high  fever  for  from  1 to  5 days,  when  there  is  an  intermission  of 
all  symptoms  for  a day  or  two,  followed  by  a second  paroxysm  of  fever  and  pain. 
There  is  a scarlatinal  rash  during  the  first  paroxysm,  and  a characteristic  erythem- 
atous rash  or  rubeolus  eruption  accompanies  the  second  paroxysm.  Nausea  and 
vomiting  are  common,  and  the  average  duration  is  only  8 days  (Maxey,  1899.) 

Montana. — Dengue  is  a disease  of  tropical  or  subtropical  countries,  whereas  spotted 
fever  occurs  at  an  elevation  of  from  3,000  to  4,000  feet  above  sea  level.  The  swollen 
joints,  pleomorphic  eruption  over  the  joints,  never  petechial,  apy retie  period,  and 
short  course  of  the  disease  would  differentiate  it  from  spotted  fever  (Anderson,  1903c, 
p.  39). 

PURPURA  HiEMORRHAGICA. 

Purpura  hgemorrhagica  occasionally  accompanies  severe  cases,  the  hemorrhagic 
spots  becoming  as  large  as  the  thumb  nail  ( McCullough,  1902,  p.  226).  Purpura  in  this 
region  [Bitter  Root  Valley]  is  manifested  by  the  eruption  being  generally  confined 
to  the  lower  extremities,  a less  systemic  disturbance  than  in  spotted  fever  (Gwinn, 
1902). 

PELIOSIS  RHEUMATICA. 

In  peliosis  rheumatica,  the  sore  throat,  multiple  arthritis  with  purpura  and  urtica- 
ria, and  comparative  rarit}^  of  the  disease,  offer  a sufficiently  distinct  clinical  picture 
( Anderson,  1903c,  p.  39) . 

“ BILIOUS  FEVER.” 

“ If  seen  at  first,  and  it  be  a mild  attack,  it  [spotted  fever]  very  much  resembles  bil- 
ious fever  or  biliousness  with  constipation.  However,  if  the  patient  has  been  chilly 
and  the  skin  appears  congested,  the  eyes  congested  as  well  as  jaundiced,  and  it  be  at 
a locality  and  time  when  this  disease  may  be  suspected,  it  should  not  be  overlooked 
in  the  diagnosis.  If  it  be  a severe  attack,  the  danger  of  mistaking  the  two  diseases  is 
very  much  lessened  by  the  pronounced  chill,  high  fever,  and  inordinate  aching,  they 
being  more  severe  than  in  biliousness”  (Gwinn,  1902). 

MEASLES. 

Idaho. — If  a case  of  spotted  fever  is  not  seen  until  the  spots  are  well  out,  it  might 
be  mistaken  for  a case  of  measles;  but  when  we  take  into  consideration  the  epidemic 
and  contagious  nature  of  measles,  the  characteristic  catarrhal  symptoms  referable  to 
the  respiratory  tract,  the  elevated,  crescentic,  crimson  eruption,  and  the  presence  of 
Koplik’s  spots,  we  should  not  hesitate  long  (Maxey,  1899,  p.  438). 

Montana. — When  the  eruption  is  new  it  may  be  mistaken  for  that  of  measles,  but 
close  examination  shows  the  eruption  to  be  purely  macules,  and  not  in  the'  least 
elevated  (Gwinn,  1902). 

Treatment. 

GENERAL  PRINCIPLES. 

Idaho. — “No  abortive  or  reliable  curative  treatment  has  as  yet  been  discovered. 
The  disease  is  self-limited  and  a large  portion  of  cases  recover  without  any  internal 
medication.  Treatment  of  individual  cases  is  governed  by  the  rational  and  symp- 
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tomatic  conditions  present.  On  the  theory  that  tlie  infection  enters  through  the 
alimentary  canal,  I employ  intestinal  antiseptics  and  evacuauts  and  a supportive 
treatment.” — Bowers,  1896,  p.  64.  “No  medication  will  relieve  the  pain  and  fever; 
but  quinine,  dissolved  in  aromatic  sulphuric  acid,  in  comparatively  large  doses,  gives 
the  best  results  to  those  who  can  withstand  the  treatment.” — Dubois,  1896,  p.  64. 
“ It  is  a self-limited  disease,  and  drugs  have  little  or  no  effect  upon  the  attack.  I 
treat  on  expectant  plan  principally.  When  pain  is  severe  I control  it  with  morphia, 
and  to  lessen  the  hyperasmia  of  the  cord,  etc.,  I usually  give  a mixture  of  bromide 
and  ergot.  AVhen  temperature  goes  above  103°  F.,  I bathe  with  tepid  water,  and,  if 
indicated,  give  small  doses  of  acetanilid  or  phenacetin.  Quinine  has  given  no  results 
in  my  hands.  I keep  patients  in  a recumbent  position  constantly,  overcome  con- 
stipation with  salines,  and  confine  them  to  a milk  diet.” — Fairchild,  1896.  “ I never 
employ  any  other  than  such  as  is  used  in  ordinary  malarial  fevers,  and  that  of  symp- 
tomatic nature.” — Figgins,  1896,  j).  64.  “Expectant.  Morphine  for  pain;  salines 
for  constipation;  sponge  baths  and  antipyretics  for  high  temperature.  Diet,  milk.” — 
Springer,  1896,  p.  62.  “3Iilk  diet;  a cholagogue  followed  by  frequent  alcohol  hot 
baths,  with  usually  very  little  positive  medication.  As  routine,  I usually  relieve  the 
dengue  ache  with  salol,  quinia  salts,  and  some  coal-tar  products  in  very  small  doses 
until  free  diaphoresis  is  obtained.  I give  little  but  a placebo  in  mild  cases.” — Sweet, 
1896.  “Treatment  is  entirely  symptomatic.  The  hygienic  and  sanitary  surround- 
ings should  be  the  best  possible  to  obtain.  Frequent  baths  and  changes  of  bedding 
add  materially  to  the  patient’s  comfort.  For  the  fever  I usualh'  use  cold  sponging, 
with  occasional  doses  of  acetanilid  or  phenacetin  and  codeine,  or  Dover’s  powders 
may  be  required  to  relieve  the  pain  and  restlessness.  During  convalescence  stimu- 
lants, iron  and  bitter  tonics  are  in  order.” — Maxey,  1899,  p.  438. 

Montana. — “I  have  tried  many  remedies,  but  found  most  of  them  to  do  but  little 
or  no  good,  and  often  harm  if  they  should  be  pushed  in  amount  or  number.  The 
treatment  which  has  served  me  best  is  what  might  be  termed  eliminative  and  sup- 
portive treatment.  The  old  rule  of  keeping  the  head  cool  and  feet  warm  should  be 
closely  observed.  The  patient  should  be  frequently  turned  in  bed  after  the  disease 
is  well  established,  in  order  to  prevent  hypostatic  pneumonia,  and  to  cool  the  under- 
side of  the  body,  which  may  be  superheated  while  the  upper  side  is  cool.”— Gwinn, 
1902.  “The  best  results  are  obtained  by  systematic  and  eliminative  treatment” 
(McCullough,  1902,  p.  227).  “Until  the  past  season  [1903]  the  treatment  of  this 
disease  has  been  purely  symptomatic,  but  after  the  discovery  of  the  parasite.  Doctor 
Wilson  and  the  writer  suggested  the  use  of  quinine  in  large  doses,  preferably  hypo- 
dermatically  ” (see  below,  p.  94). — Anderson,  1903c,  p.  40.  “Many  drugs  have  been 
used  in  the  treatment  of  ‘spotted  fever,’  but  while  some  of  them  are  important  as 
stimulants,  sedatives,  etc. , none  of  them — except  perhaps  quinine — seem  to  have  any 
specific  action  on  the  disease  through  destruction  of  the  parasites.” — Wilson  and 
Chowning,  1904a,  p.  57. 

SUKEOUXDIXGS. 

“The  room  should  be  kept  dark  and  as  free  from  noise  as  possible.” — Anderson, 
1903c,  p.  41.  “Darkening  of  the  room  and  hot  sponge  baths  add  much  to  the  com- 
fort of  the  patieiit.” — Wilson  and  Chowning,  1904a,  p.  57. 

^ DIET. 

Idaho. — “The  diet  and  bowels  should  be  properly  regulated,  particularly  after  the 
eruifiion  is  well  out,  for  I have  found  in  the  majorit}’  of  my  cases  that  at  this  time 
the  appetite  is  apt  to  return  to  the  patient,  and  the  physician’s  judgment  will  be 
taxed  to  decide  just  Avhat  and  how  much  food  may  be  allowed.” — 3Iaxey,  1899, 
p.  438. 

Montana. — “Milk,  butternnlk,  broths,  soft  eggs,  and  soft  toast  may  all  be  allowed. 
The  whisky  may  be  administered  in  an  eggnog.” — Anderson,  1903c,  p.  41. 
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TICK  BITE. 

“As  soon  as  a person  is  bitten  by  a tick,  the  insect  should  be  removed  and  the 
place  cauterized  with  95  per  cent  carbolic  acid.  There  is  sometimes  difficulty  in 
removing  the  tick,  but  by  applying  ammonia,  kerosene,  or  carbolized  vaseline  it  can 
usually  be  detached  without  trouble.” — Anderson,  1903a,  p.  41. 

“As  soon  as  a person  is  bitten  by  a tick,  the  arachnid  should  be  removed  and  the 
wound  cauterized  with  a 95  per  cent  carbolic  acid.” — Wilson  and  Chowning,  1904a, 
page  56. 

In  3 cases  during  1901  in  which  this  precaution  was  adopted  it  did 
not  seem  to  inhibit  the  development  of  the  disease,  for  all  3 patients 
died.  Further,  while  the  precaution  may  be  good,  so  far  as  the  tick 
bite  is  concerned,  I do  not  see  what  good  effect  may  be  expected  from 
it  in  aborting  a piroplasmosis. 

PURGATION. 

“ To  a(d  on  the  bowels,  if  the  patient  be  an  adult  and  robust,  I begin  by  giving  20 
grains  of  the  mild  chloride  of  mercury  well  rubbed  together  with  the  same  amount 
of  sodium  hi.  carb.,  to  be  followed  in  12  hours  by  an  ounce  dose  of  magnesium  sul. 
This  will  keep  the  howels  active  for  1 to  3 days,  after  which  I give  the  same  remedies 
in  sufficient  quantity  to  make  the  bowels  act  2 or  3 times  every  24  hours.” — Gwinn, 
1902. 

“For  cases  encountered  within  the  first  3 or  4 days  I begin  with:  I^.  Hydrarg. 
chlor.  mite  et  sodii  bicarb.,  aa.  gr.  i.  Tablets  no.  xii.  Sig. : One  tablet  every  half 
hour  until  all  are  taken. 

“This  rarely  fails  to  produce  free  purgation  and  unloads  the  intestinal  canal, 
thereby  relieving  any  tendency  to  hepatic  engorgement.  Should  catharis  be  insuffi- 
cient, a clyster  containing  a teaspoonful  of  turpentine  should  be  given.  Then  with 
a view  of  eliminating  the  noxious  accumulations  in  the  system,  and  in  some  degree 
modifying  the  jaundice,  give:  1^:  Sodium  phosphatis  Sig.:  Teaspoonful  given 

in  hot  water  every  3 hours. 

“By  administering  this  remedy  at  above-named  intervals  the  bowels  are  kept 
free,  diaphoresis  increased,  and  muscular  soreness  diminished.” — McCullough,  1902, 
pp.  227-228. 

In  case  118,  bowels  were  kept  open  with  calomel  (Anderson,  1903c,  p.  28). 

QUININE. 

“In  5 cases  in  which  it  [quinine]  was  used  systematically  and  in  large  doses  the 
results  were  most  happy,  all  recovering.  Five  cases  which  did  not  have  the  treatment 
died.  Of  course,  10  cases  is  too  small  a number  on  which  to  base  very  positive  con- 
clusions, but  I hope  that  the  use  of  quinine  will  be  followed  in  the  future  treatment 
of  the  disease.  Quinine  bimuriate,  1 gram,  should  be  given  hypodermically  every 
6 hours.  If  there  is  great  objection  to  the  use  of  the  needle,  the  sulphate,  1 gram 
every  4 hours,  may  be  given  by  mouth ; but  the  irritable  condition  of  the  stomach  at 
times  may  prevent.  The  use  of  quinine  should  be  begun  as  soon  as  the  diagnosis  is 
made,  and  persisted  with  in  decreasing  doses  as  convalescence  begins.  Some  of  the 
valley  physicians  seemed  to  fear  that  quinine  depressed  the  heart  and  caused  nerv- 
ous symptoms;  but  I am  of  the  opinion  that  the  great  good  the  drug  does  more  than 
counterbalances  these  effects.  I strongly  advise  the  early  and  continuous  use  of 
large  doses  of  quinine.”  Anderson,  1903c,  p.  40.  “The  good  results  that  have  fol- 
lowed the  administration  of  large  doses  of  quinine — the  5 cases  in  which  it  was  used 
having  recovered — give  much  hope  that  this  disease,  winch  is  so  much  dreaded, 
may  in  future  be  robbed  of  many  of  its  terrors.” — Anderson,  1903c,  p.  7. 
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Quinine  has  l:)een  used  by  the  physicians  of  the  Bitter  Root  Valley  in  small  doses 
by  mouth  for  a number  of  years  in  the  treatment  of  this  disease.  During  the  spring 
of  1902  the  writers  urged,  on  purely  theoretical  grounds,  the  use  of  large  doses  of  the 
drug  intravenously,  hypodermically,  or  per  rectum.  Cases  94  and  95  were  given 
quinine  per  mouth  and  rectum  to  the  point  of  cinchonism,  with  some  apparent  bene- 
ficial results.  Both  cases  died,  though  Xo.  95  was  convalescent  from  spotted  fever 
and  died  of  a complicating  pneumonia.  During  1903  cases  Xos.  115,  118, 119,  122, 
124,  125,  and  126  were  treated  with  doses  ranging  from  5 grains  by  mouth  (case 
No.  119)  to  60  grains  subcutaneously  (case  No.  118).  All  of  these  cases  except  No. 
125  recovered,  though  case  No.  119  died  later  of  a complication  (acute  gastritis). 
Case  125  was  an  old  debilitated  man,  and  had  the  most  abundant  infection  of  all  the 
cases  examined  by  the  writers.  The  remaining  5 cases  occurring  in  1903  and 
untreated  with  quinine  were  all  fatal.  These  cases  are  too  few  on  which  to  base 
conclusions,  but  are  sufficiently  suggestive  to  warrant  a further  trial  of  the  treat- 
ment. In  this  connection  it  is  worthy  of  note  that  Theiler  (1903)  has  recently  made 
the  observation  that  in  South  African  equine  malaria,  a disease  caused  by  Piroj^lasma 
equi,  the  pyroplasmata  rapidly  disappear  from  the  blood  of  infected  horses  on  the 
administration  of  quinine  and  ammonium  chloride.” — IVilson  and  Chowning,  1904a, 
p.  57. 

In  connection  with  the  cases  which  occurred  in  1903,  it  mat"  be 
noted  that  Gates’s  case  (No.  10, 1903)  was  not  reported  as  having  been 
treated  with  quinine,  but  recovered.  As  this  case  was  known  to 
Anderson  and  to  ^Vilson  and  Chowning,  it  must  be  concluded  that  they 
did  not  include  it  in  the  statements  that  the  5 cases  which  did  not  have 
quinine  treatment  died. 

So  far  as  I was  able  to  learn,  the  quinine  treatment  in  large  or  com- 
paratively large  doses  is  not  new  in  the  Bitter  Root  Valley.  Doctor 
Mills,  for  instance,  gave  quinine  in  large  doses  per  mouth  some  years 
ago,  but  his  results  were  so  unsatisfactory  that  he  discarded  its  further 
use.  Doctor  Howard  has  been  giving  quinine  for  6 years  in  large 
doses  twice  a day,  and  claimed  to  have  had  very  good  success  with  it 
up  to  1901.  He  states  that  under  quinine  treatment  6 out  of  7 cases 
recovered.  Doctor  McGrath  has  been  using  quinine  for  about  5 years; 
of  6 quinine  cases  5 recovered.  One  physician  has  lost  2 or  3 cases 
under  quinine  treatment— 3 grains  every  2 or  3 hours.  Doctor  Brook 
informed  me  that  one  of  his  quinine  cases  died  after  12  days  of  treat- 
ment; he  also  lost  another  quinine  case.  Doctor  Gwinn  used  quinine 
from  1887  to  1890;  some  patients  recovered,  others  died.  He  then 
rejected  it.  He  tried  it  again  about  1897,  giving  about  1 dram  per 
day,  but  as  all  of  these  cases  died  he  again  rejected  it.  He  used  it  in 
2 cases  in  1903,  and  one  case  recovered;  the  other  died  under  the  same 
treatment. 

Quite  a number  of  local  physicians  with  whom  I spoke  maintained 
that  except  in  imported  malaria  cases  quinine  could  not  be  given  in 
that  locality  so  freely  as  in  lower  eastern  and  southern  localities,  with- 
out more  serious  eliect,  but  this  view  was  not  shared  by  two  other 
physicians. 

Early  in  1901  Doctor  Mills  stoutly  combated  the  quinine  treatment 
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on  the  ground  that  his  experience  with  it  had  been  so  unsatisfactoiT. 
Ashburn  also  had  grave  doubts  regarding  its  value  and  in  case  3 he 
opposed  it  rather  strongl}". 

In  the  2 Bitter  Root  Valley  cases  of  1901  which  recoA^ered,  no  quinine 
was  used,  and  in  the  5 cases  in  which  it  was  used  the  patients  not  only 
showed  no  improvement,  but  died;  in  cases  12  and  13  also  it  was  not 
used  and  the  patients  recovered. 

CoMPAEisoNS. — In  connection  with  the  statement  by  Wilson  and  Chowning  quoted 
above,  that  Theiler  observed  that  Piroplasma  in  the  blood  of  horses  in  South  Africa 
rapidly  disappear  on  the  administration  of  quinine  and  ammonium  sulphide,  it 
might  he  added  that  Nuttall  (1904,  pp.  248-249),  in  discussing  canine  piroplasmosis, 
says: 

“Apart  from  the  specific  treatment  recorded  above,  there  is  very  little  to  note 
regarding  treatment.  In  South  Africa,  Hutcheon  (1893,  p.  477,  and  1899,  p.  400) 
recommended  the  use  of  repeated  doses  of  ammonium  chloride  and  belladonna,  a 
form  of  treatment  tried  by  Borthwick  at  Port  Elizabeth  with  ‘excellent  results.’ 
Subsequently  Hutcheon  obtained  encouraging  results  from  the  use  of  quinine,  benzoate 
of  soda,  and  carbolic  acid.  Eobertson  (1901,  p.  332)  states  that  he  has  tried  quinine, 
calomel,  ammonium  chloride,  extract  of  belladonna,  carbolic  acid,  and  finally  ben- 
zoate of  soda  without  satisfactory  results.  Carbolic  acid  appeared,  in  fact,  to  hasten 
death.  He  obtained  the  best  results  from  a ‘ calomel  pill  to  start  with,  then  a calo- 
mel and  quinine  pill  four  times  a day.’  Without  stating  the  dose,  he  says  that 
very  large  amounts  of  calomel  are  needed.  Hutcheon  does  not  appear  to  approve 
of  the  calomel  treatment.  In  other  words,  the  evidence  as  to  treatment  in  South 
Africa  appears  to  be  somewhat  contradictory. 

“In  Europe,  Pianaand  Galli- Valerio  (1895)  attributed  the  recovery  of  the  one  dog 
they  saw  suffering  from  Piroplasmosis  to  the  use  of  quinine.  Almy  (10,  x,  1901,  p. 
379)  treated  his  dogs  with  quinine  bromhydrate,  but  observed  no  effect  therefrom, 
the  remedy  being  as  ineffective  as  quinine  has  been  shown  to  be  in  the  treatment 
of  Tristeza  {Piroplasmosis  hovis). 

“Evidently  there  is  no  known  remedy  for  canine  Piroplasmosis,  and  it  is  open  to 
question  whether  or  no  the  dogs  which  have  been  successfully  treated  would  not 
have  recovered  anyhow.” 


CALCIUM  SULPHIDE  AND  CREOSOTE. 

“ Some  physicians  speak  w^ell  of  calcium  sulphide,  and  others  of  creosote.” — xAnder- 
son,  1903c,  p.  40. 

PAIN. 

“For  the  severe  pain  in  the  head  and  back  during  the  first  week,  Dover’s  powders 
or  morphine  may  be  used.” — xlnderson,  1903c,  p.  40. 

Morphine  is  used  in  this  disease  a number  of  the  local  physicians, 
and  Mills  called  attention  to  the  large  doses  which  the  patients 
could  take.  Case  11  (1901)  in  one  day  received  9 grains  within  8 hours, 
and  at  another  time  -1.5  grains  in  2 hours  without  noticeable  effect. 


SKIN. 

“To  produce  an  active  skin,  lower  fever,  and  reduce  pain,  phenacetin  acts  well, 
and  may  be  given  as  seems  to  be  needed  in  10  to  15  grain  doses  for  a few  days  suc- 
ceeding the  attack,  without  lowering  the  patient’s  vitality  to  a noticeable  degree.”— 
Gwinn,  1902. 
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BATHS. 

“After  from  2 to  4 days,  when  the  chilliness  has  ceased  and  when  the  patient  will 
tolerate  cool  baths,  I substitute  them  for  the  phenacetin.  It  often  occurs  in  the  later 
stages  of  this  malady  that  the  surface  of  the  body  will  be  cold  and  the  axillary  tem- 
perature even  below  normal,  resultant  from  the  obstructed  or  weakened  circulation, 
while  the  thermometer  will  show  a high  fever  if  registered  in  the  rectum.  In  this 
event  a blanket  may  be  added  to  the  patient’s  covering  to  warm  the  periphery  and 
extremities  of  the  body.” — Gwinn,  1902. 

Anderson  (1903c,  pp.  37,  40)  reports  that  warm  sponge  baths  or  packs  relieved  the 
congestion  of  the  skin,  reduced  the  fever,  and  allayed  restlessness;  the  spots  became 
brighter  after  the  bath. 

EXEMATA. 

“An  enema  of  cool  normal  salt  solution  lowers  central  temperature,  and  supplies 
the  kidneys  with  fluid  with  which  to  eliminate  poison  from  the  system.” — Gwinn, 
1902. 

FEVER. 

“For  the  fever  warm  spongs  baths  or  packs  are  useful  and  refreshing  to  the  patient. 
After  a bath  the  spots  lose  their  dark  color  and  become  much  brighter.” — Anderson, 
1903c,  pp.  40-41. 

DIURESIS. 

“To  produce  an  active  diuresis  I know  of  nothing  better  than  to  encourage  the 
patient  in  drinking  an  abundance  of  fluid;  potass,  acetate  and  liq.  amm.  acetas  act 
well  during  the  first  stages,  while  digitalis  is  well  given  during  the  latter  stages  when 
also  needed  to  support  the  heart.  As  a drink  during  the  first  stages  I recommend 
water,  lemonade,  and  buttermilk.  I have  seen  excellent  results  from  beer  as  a heart 
stimulant  and  diuretic  after  the  patient  becomes  weak.  All  drinks  should  be  cold 
and  taken  frequently  in  small  amounts.” — Gwinn,  1902.  “ The  patient  should  be 

encouraged  to  drink  large  quantities  of  water  to  flush  out  the  kidneys.”— Anderson, 
1903c,  p.  40. 

HEART. 

“For  a fagged  heart  and  respiratory  effort  I know  of  nothing  better  than  strych- 
nia, digitalis, and  alcoholics.” — Gwinn,  1902.  “Heart  action  should  be  watched,  and 
any  tendency  to  weakness  of  that  organ  should  be  stimulated  by  one-thirtieth  grain 
strychnia  given  hypodermatically  as  directed.” — McCullough,  1902,  p.  228.  “The 
heart  should  be  supported  by  strychnine,  whisky,  or  other  appropriate  cardiac  stim- 
ulants.”— Anderson,  1903c,  p.  40.  * • 

DELIRIUM. 

“For  the  active  delirium  and  sleeplessness  I have  found  no  more  effectual  remedy 
than:  I?.  Chloral  hydratis  et  Kali  bromidi  aa.  5di;  tinct.  hyocyam.,  5ii;  flu.  ext.  gly- 
cyrrhiza.  ^ss;  aq.  menth.  pip.  q.  s.,  ^iii.  M.  Sig.  2 teaspoonfuls  in  2 tablespoonfuls 
of  water  when  very  restless,  and  repeat  in  6 hours  if  needed. 

“The  high  fever  and  moderate  delirium  call  for  the  ice  bag  applied  to  the  head, 
cold  sponge  bath  if  not  too  much  body  tenderness,  and  occasional  10-grain  doses  of 
antipyrine.” — McCullough,  1902,  p.  228. 

SALINE  SOLUTION. 

“Rectal  and  subcutaneous  injections  of  normal  salt  solutions  were  given.  The 
combined  use  of  the  abov^e  and  hot  packs,  together  with  hot  elder  water  and  liquor 
ammonii  acetatis  internally,  produced  only  slight  diaphoresis,  and  that  mostly  about 
the  head.” — Gates,  1903,  p.  49. 

Normal  salt  solutions,  in  rectal,  vesical,  and  subcutaneous  injections, 
were  repeated!}-  used  in  MOOT  with  good  temporary  effect. 
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OXYGEN.  ' 

Oxygen  was  repeatedly  resorted  to  in  emergencies  in  190-i  with 
temporary  good  effect. 

BLEEDING. 

Case  11  (1901)  was  bled  twice  with  very  marked  temporary  relief. 
On  June  27.  p.  m..  about  12  ounces  of  blood  were  taken,  after  which 
the  patient  had  a good  night's  rest:  the  next  morning  the  spots  were 
much  lighter  in  color.  On  June  28,  p.  m.,  about  1 ounce  of  blood 
was  taken,  followed  by  noticeable  temporary  improvement;  the  next 
morning  the  spots  were  lighter,  but  the  patient  died  later  in  the  day. 

SUPPORTIVE  TREATMENT. 

“As  supportive  treatment  as  well  as  germicidal,  and  having  a particular  action  on 
the  blood,  I have  found  useful:  E.  hydrarg.  bichlor.,  gr.  i;  liq.  pot.  arsenitis,  5 iu 
tinct.  ferri  chlor.,  5 ss. ; acid  phos.  dil.,  5 i:  syr.  limonis  q.  s.,  5 vi.  M.  sig.  Tea- 
spoonful in  wineglass  of  water  four  times  a day. 

“In  addition  to  the  above  medication,  the  special  symptoms  require  careful  treat- 
ment best  adapted  to  such  complications  individually.” — McCullough,  1902,  p.  228. 

Prevention. 

“In  the  way  of  prophylaxis,  I have  advised  an  occasional  dose  of  calomel,  the 
drinking  of  boiled  water,  and  thorough  protection  against  cold  and  Avet.” — Gwinn, 
1902. 

“If,  as  seems  very  probable  and  almost  proA'ed,  the  tick  is  the  means  by  which 
the  disease  is  spread,  the  question  of  the  prevention  of  the  disease  resolves  itself 
into  the  destruction  of  the  tick.  This  is  an  almost  impossible  task  over  such  a large 
area,  especially  of  such  varied  topography.  When  conditions  Avill  permit,  burning 
the  undergroAvth  and  stubble  will  be  an  effective  method  for  the  destruction  of  ticks. 
This  may  be  done  either  in  the  early  fall  or,  preferably,  in  the  early  spring,  when 
the  ticks  are  just  beginning  to  move  about.” — Anderson,  1903c,  p.  41. 

“In  view  of  the  almost  certain  role  of  the  tick  in  the  conveyance  of  pyroplasmosis 
to  man,  measures  should  be  taken  to  reduce  the  numbers  and  limit  the  spread  of  this 
arachnid.  The  burning  of  underbrush,  sawdust,  etc.,  wherever  practicable,  is  recom- 
mended. Persons  going  into  the  brush  in  the  infected  area  should  use  all  possible 
precautions  to  preA’ent  ticks  from  biting  them.  As  soon  as  a person  is  bitten  by  a 
tick,  the  arachnid  should  l>e  removed  and  the  wound  cauterized  by  95  per  cent  car- 
bolic acid.” — Wilson  and  Chowning,  1904a,  p.  56. 

Definite  statements  regarding  prevention  can  not  be  made  until  the 
cause  of  the  disease  and  its  method  of  transmission  are  definitely 
known.  All  that  can  be  said  at  present  seems  to  be  that  people  in  the 
valley  should  take  the  best  pos.sible  care  of  themselves  during  the 
spring  months,  and  in  case  one  member  of  a family  is  taken  sick  no 
other  person  should  occupy  the  bed  with  the  patient. 

Sequelv. 


Idaho. — Dubois  (1896)  states  that  tio  constitutional  symptoms  are  left.  The  only 
sequela  which  Maxey  (1899,  p.  438)  has  noticed  is  a little  stiffening  of  the  knee 
joints,  lasting  some  weeks. 


99 


Gates  (1905,  p.  115)  reports  endocarditis  as  sequela  in  his  case  8. 

One  of  the  cases  of  1903  had  not  fully  regained  the  use  of  his  legs 
in  the  summer  of  1904. 

Autopsies. 

The  following  autopsies  have  been  made: 

Idaho. — Apparently  none. 

Montana. — 1897:  Case  35,  by  Buckley,  reported  briefly  in  Wilson  and  Chowning, 
1903a,  page  33,  and  Anderson,  1903c,  page  13.  1902:  Case  89,  by  Wilson,  Longeway, 

Brethauer,  and  Buckley,  reported  in  Wilson  and  Chowning,  1903a,  page  50;  case  91^ 
by  Wilson,  Brice,  Longeway,  and  Buckley,  reported  in  Wilson  and  Chowning, 
1903a,  page  52;  case  93,  by  Wilson  and  Spottswood,  reported  in  Wilson  and  Chown- 
ing, 1903a,  page  54;  case  94,  by  Wilson,  Chowning,  and  Buckley,  reported  in  Wilson 
and  Chowning,  1903a,  page  56;  case  97,  by  Chowning,  reported  in  Wilson  and 
Chowning,  1903a,  page  55;  case  107,  by  Wilson  and  Longeway,  reported  in  Wilson 
and  Chowning,  1903a,  page  47.  1903:  Case  120,  by  Anderson,  Wilson,  Gwinn,  Mills, 

Olson,  Pixley,  and  Spottswood,  reported  in  Anderson,  1903c,  page  32.  1904:  Case 

11,  by  Ashburn,  Mills,  and  Stiles,  reported  in  Stiles,  1905,  p.  109-110. 

(?) : Case  — , by  Hanbidge  and  Gwinn,  reported  briefly  in  Gwinn,  1902. 

(?):  Case  — , briefly  referred  to  by  Gwinn,  1902. 

Pathology. 

Idaho. — “The  pathological  conditions,  as  at  present  understood,  may  be  described 
with  a large-sized  interrogation  point.” — Maxey,  1899,  pp.  434-435.  Fairchild  (1896) 
has  seen  no  autopsies.  The  lesions,  so  far  as  Figgins  (1896,  p.  64)  knows,  are  con- 
fined to  the  skin. 

Montana. — Gwinn  (1902)  reports  slight  enlargement  of  the  liver  and  kidneys, 
together  with  slight  degeneration,  in  one  case  on  autopsy. 

The  gross  lesions  are  very  uniform;  intense  rigor  mortis  appears  early  (Wilson 
and  Chowning,  1904a,  p.  41). 

The  changes  are  those  which  can  be  ascribed  to  interference  with  capillary  circu- 
lation; the  extravasation  into  and  pigmentation  of  the  skin  account  for  the  persist- 
ence of  the  spots  for  long  periods  after  the  recovery  of  the  patients;  there,  is  acute 
parenchymatous  degeneration  of  the  heart  muscles,  spleen,  liver,  and  kidney;  the 
central  nervous  system  is  but  little  affected  (Wilson  and  Chowning,  1904a,  p.  43). 

Anderson  (1903c,  p.  38)  summarizes  the  post-mortem  findings  in  7 cases  (6  of  1902, 
1 of  1903)  in  the  Bitter  Boot  Valley. 

Rigor  mortis  was  intense  in  cases  89,  91,  and  93  (Wilson  and  Chowning,  1903a, 
pp.  50,  52,  54),  but  not  in  case  120  (Anderson,  1903c,  p.  32). 

For  further  details  see  special  organs. 

CLINICAL  HISTORIES. 

During  my  work  I did  not  take  clinical  notes,  as  I had  so  many 
other  things  to  occupy  my  time.  Clinical  notes  were,  however,  taken 
b}^  the  attending  physicians  and  to  some  extent  also  by  Doctor  Ash- 
burn. As  both  Wilson  and  Chowning  (1902a,  1903a,  1904a)  and  Ander- 
son (1903a,  c)  had  studied  the  clinical  side,  and  as  I was  looking  especially 
for  the  life  history  of  the  parasite  as  a basis  for  prevention,  I natu- 
rally neglected  to  go  into  an  especially  detailed  clinical  study,  blood 
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counts,  etc.,  such  as  I should  have  done  had  time  permitted.  Fur- 
thermore, some  of  the  hospital  charts  became  lost,  so  that  part  of  the 
notes  had  to  be  written  from  memory  or  from  brief  memoranda. 

BITTER  ROOT  TALLEY  CASES,  1901:. 

190If.  Case  1. — Attending  physician,  Doctor  Buckley  (notes  writ- 
ten from  memory  later  by  Doctor  Buckley:  Xo  microscopic  examina- 
tion of  blood). 

I\Iale,  age  66  years.  Seen  by  Doctor  Buckley,  April  29,  1904.  When  first  seen  he 
had  two  wood-tick  bites  in  the  right  inguinal  region,  each  surrounded  by  an  indu- 
rated inflammatory  zone  and  showing  an  area  of  blackened  skin  about  inch  in 
diameter  at  the  center.  Patient  had  trontal  headache  and  general  body  aching. 
Temperature  102°  F.  Thought  he  had  caught  cold. 

April  30,  temperature  103°.  Sclerotics  much  injected  and  face  congested.  Tongue 
moist.  Pulse  not  high. 

May  1,  restless.  Yo  sleep  night  before.  Bowels  open.  Temperature  103.5°  F., 
a.  m. ; 104°,  p.  m.  Mottling  of  skin  noticed.  Ecchymotic  spots  the  size  of  a dollar 
seen  on  the  abdomen.  Scrotum  black.  That  evening  patient  was  feeling  better  and 
Doctor  Buckley  was  telephoned  he  need  not  see  him.  5Iay  2,  worse.  Spots  dark 
purple.  Temperature,  a.  m.,  104°;  p.  m.,  105°.  Began  to  have  delirium,  which 
soon  passed  to  coma,  which  lasted  until  death,  on  May  3,  1904, 

lOOIf.  Case  2. — Attending  physician.  Dr.  J.  J.  Buckley  (notes  writ- 
ten later  by  Doctor  Ashburn  from  hospital  chart  and  from  statement 
by  Doctor  Buckley:  Patient  seen  by  Doctors  Buckley.  Ashburn.  and 
Stiles:  microscopic  examination  of  dried  blood  from  lips  by  Doctor 
Stiles,  unsatisfactory). 

Female,  age  7 years  4 months.  Born  in  Ravalh  County,  15  miles  south  of  present 
home. 

Family  history,  negative. 

Personal  history  prewous  to  present  illness):  Scarlatina  in  fall  of  1903,  mild.  No 
other  sickness. 

Present  illness:  April  24,  1903,  bitten  back  of  ear  by  3 ticks.  Bites  caused  swell- 
ing next  day.  No  discoloration;  swelling  was  over  upper  part  of  sterno-mastoid, 
below  bites.  Had  fever  from  that  time  on. 

April  27,  eruption  showed  on  arms,  shoulders,  hips,  knees,  aukles,  pahns,  and 
soles.  Mother  thought  she  had  measles.  She  had  also  complained  of  sore  eyes, 
some  pain  in  back  and  head.  Continued  that  way  with  increasing  eruption  and 
some  darkening  -of  it  ' browning)  until  May  2,  when  seen  by  Doctor  McGrath  and 
pronounced  spotted  fever.  Brought  to  Missoula  May  3.  Complained  of  intense 
general  soreness  after  appearance  of  eruption. 

May  4:  More  irritation  in  throat.  Very  sore  to  the  touch.  Very  drowsy.  Cramps 
in  stomach.  Restless  in  afternoon. 

May  5:  Headache.  Vomited  twice.  Sore  throat.  Very  restless  all  night.  Rash 
darker  in  color  but  not  sore  to  the  touch;  patient  very  thirsty. 

51ay  6:  After  sponging  rested  all  forenoon,  retained  milk,  some  water,  and  all 
medicine.  Throat  much  better.  Not  so  thirsty  as  yesterday.  Rested  all  afternoon. 
No  vomiting.  At  5 p.  m.,  cramps  in  stomach. 

5Iay  7 : Respiration  a little  more  irregular:  retains  everything;  apparently  weaker, 
but  pulse  good;  p.  m.,  breathing  very  poor,  but  change  for  the  better  late  in  the 
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evening;  breathing  easy  after  a hot  bath;  slept  calmly  about  two  hours;  became  very 
restless  again  about  10.30  p.  m.;  pulse  very  poor  at  12. 

May  8:  Choking  spells  about  12.30  a.  m.;  breathing  very  heavy;  finally  becomes 
unconscious;  eyes  bloodshot,  pupils  very  much  dilated;  spots  out  in  profusion;  pulse 
good,  but  great  struggle  at  times  for  breath. 

May  9;  Patient  very  restless  during  the  night  until  about  3 a.  m.,  then  sank  into  a 
comatose  condition;  much  weaker;  spots  very  purple;  p.  m.,  sinking  spell;  improved 
after  subcutaneous  saline  injection;  lungs  filling  up;  mouth  full  of  bloody  matter. 

May  10:  Finger  nails  turned  purple,  beginning  at  the  tips  about  1 a.  m.;  died  with 
very  little  struggle  at  1.25  o’clock  a.  m. 

190^.  Case  3. — Attending  physician.  Doctor  Fitzgerald  (notes  pre- 
pared partially  from  hospital  records,  partialh"  at  bedside  by  Doctor 
Ashbnrn:  patient  seen  and  microscopic  examination  of  fresh  and 
stained  blood  by  Doctors  Fitzgerald,  Buckley.  Ashbnrn.  and  Stiles). 

Female,  age  28  years.  Born  in  Xew  Brunswick. 

Family  history:  Father  died  of  piles  (?),  one  brother  of  consumption.  Mother 
and  four  brothers  and  sisters  living  and  well.  History  otherwise  negative. 

Personal  history  (previous  to  present  illness):  Had  3 children.  Measles  in  child- 
hood, bowel  trouble  last  sumner.  Xo  other  sickness. 

History  previous  to  admission:  Moved  to  present  home  in  January.  Had  great  fear 
of  ticks  and  has  watched  for  them  and  has  not  been  bitten  by  them.  Has  had  bites 
by  chicken  lice — last,  probably  about  April  27.  May  3 had  chill.  Backache  and 
fever  followed,  and  on  May  7 eruption  appeared  on  arms.  Since  that  time,  too, 
throat  has  been  very  sore. 

Condition  on  admission:  Date,  May  10.  First  seen  by  Doctor  Fitzgerald  on  May 
7,  1904. 

Symptoms:  Sore  throat,  fever,  slight  malaise,  but  claims  to  feel  well.  Body  pre- 
sents on  all  parts  a discrete  maculo-papular  eruption,  very  measly  in  appearance,  but 
no  crescentic  arrangement.  No  purpura  or  petechiae.  Fauces  and  pharynx  much 
injected  and  show  adheront  mucus-pus.  Cervical  glands  enlarged.  Xo  eruption  in 
mouth  or  throat.  The  tongue  tremulous  and  has  heavy,  white,  moist  coat.  Face 
placid.  Blotched  with  eruptions.  Eyes  normal;  mind  clear.  Heart  sounds  clear 
and  regular.  Lungs — Respiration  slightly  harsh  and  prolonged  anteriorly;  more  so 
behind.  Blowing  over  right  upper  lobe  posteriorly.  Xo  cough.  Spleen  enlarged. 
Liver  not  enlarged.  Abdomen  not  distended,  tender,  or  painful.  Menstruated 
April  11th.  Bowels  have  been  regular;  now  loose  from  salt  enemata.  Urine  passed 
normally. 

Diagnosis:  Spotted  fever. 

Treatment:  Seventh  to  lOt-h,  calomel  first  day  and  quinine  sulphate,  grains  15,  every 
4 hours.  Xext  day  salol,  grains  5,  and  quinine,  grains  10,  every  4 hours.  Strych- 
nine, grain,  A?  every  6 hours.  Saline  enema,  1 pint  every  3 hours.  Probably  none 
of  this  was  carried  out  as  prescribed. 

May  11:  Arrived  at  Sisters  Hospital  this  a.  m.  Xervous  on  admission.  Looks 
and  says  she  feels  better.  Throat  not  so  sore.  Spots  unchanged,  possibly  a trifle 
darker.  Xot  petechial.  Skin  presents  faintest  yellow  tinge.  Xo  jaundice  of  scle- 
rotics  or  tongue.  Bowels  moved  after  salt  solution.  Was  very  drowsy  all  afternoon; 
restless  between  4 and  5 o’clock.  Retained  saline  enemas.  Patient  apparently 
thirsty.  Took  nourishment;  resting  easy  at  7.30  p.  m. 

May  12:  At  about  8 o’clock  became  drowsy;  by  8.30  very  stupid.  Stupor  con- 
tinued all  night  with  rapid  respiration.  Coma  from  12  p.  m.  to  3 or  4 a.  m.  Bladder 
full  at  3 a.  m.,  when  it  was  emptied  for  vesical  irrigation.  Xow,  9.25  a.  m.,  in  deep 
sleep  or  coma.  Pulse  80  and  of  good  quality.  Respiration  39  and  slightly  stertorous. 
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Blotches  have  disappeared  from  face  and  ordinary  spots  abundant  there.  Spots 
generally  darkening.  Now  plum  color,  but  not  distinctly  petechial.  Lungs— Sounds 
very  harsh  all  over  front  and  back,  with  large  coarse  rales;  6 p.  m.,  comatose  all  day; 
respiration  rapid.  Face  dusky. 

]\Iay  13:  Quinine  discontinued  last  night.  Patient  then  comatose,  breathing  very 
rapidly  and  promised  to  die  in  a few  hours,  at  most,  as  lungs  were  rapidly  tilling 
with  fluid.  This  morning  face  darkly  flushed,  coma  deep,  great  perspiration.  Ees- 
piration  will  be  for  a time  quiet  and  regular,  for  5 or  10  minutes,  and  then  very  rapid 
(60)  for  a time.  Spots  no  darker. 

May  15:  Filling  of  lungs  progressed  yesterday;  edema  well  marked.  Spots  increased 
in  size  and  darkened.  Menstruation  began  for  1 hour  yesterday  and  stopped.  Began 
again  last  night  and  flowed  freely  until  death.  Urine  and  feces  passed  involuntarily 
and  abundantly.  Coughed  freely  yesterday.  Finger  nails  this  a.  m.  dark,  face 
purple,  much  noise  from  breathing.  Extremely  offensive  odor  to  breath.  Dependent 
side  of  face  turned  black  immediately  after  death,  at  8 o’clock  a.  m.  to-day. 

190 Jf,  Case  — Attending  plwsician,  Doctor  Merrick  (notes  pre- 

pared b}"  Doctor  Ashburn,  from  memoranda  by  Doctor  Merrick;  pa- 
tient seen  and  microscopic  examination  of  blood  made  by  Doctors 
Merrick,  Ashburn  and  Stiles). 

Diagnosis:  Spotted  fever. 

INIay  12.  Symptoms:  Severe  intra-cranial  and  supra-orbital  neuralgia,  supra-scapular 
and  lumbar  pains.  Tongue  slightly  furred  and  fissured.  Anorexia.  These  symp- 
toms dated  from  May  8,1904.  An  eruption  covering  the  legs  to  the  knees. 

May  13:  The  neuralgia  considerably  improved  under  codeine.  The  eruption  in- 
creasing. Complains  of  illusions.  Anorexia. 

jMay  14:  Eruption  elevated  and  extended  over  trunk  to  face  and  arms.  General 
condition  prostrated.  Pulse  full.  Blood  examination  for  parasites  negative. 

May  15:  Eruption  dusky  in  morning,  becomes  brighter  through  the  day,  completely 
covers  body  and  palms  of  hands.  Complains  of  pains  in  head.  Sleeplessness  and 
illusions  and  weariness.  Many  red  blood  corpuscles  are  deformed.  Blood  exam- 
ined by  Doctor  Ashburn. 

May  16:  Eruption  possibly  cleared.  Patient  feeling  better;  bowels  moved  freely. 
Temperature,  100;  respiration,  20;  pulse,  80.  Anorexia  and  illusions  persist,  with 
prostration.  Doctor  Ashburn  and  Doctor  Stiles  made  blood  examination.  No  organ- 
isms were  found. 

May  17:  Headache  continues;  fever  101.4.  Illusions  and  prostration.  No  erup- 
tion on  back,  fading  on  arms  and  face.  General  condition  of  anxiety. 

May  18:  Headache  relieved;  condition  improved.  Eruption  fading.  Temperature, 
100;  pulse,  90.  Sat  in  chair  for  one  hour.  Complains  of  weakness.* 

IMay  19:  Temperature  normal;  pulse  and  respiration  normal.  Illusions  disappear. 
Spots  fading,  only  perceptible  on  limbs.  Pains  gone;  tongue  still  coated;  appetite 
returning. 

May  21:  Patient  sitting  up;  weak  and  extremely  nervous;  spots  about  entirely 
faded  away.  Appetite  improved  and  patient  sleeps  well.  No  anatomical  lesions 
apparent. 

N.  B. — Doctor  Merrick’s  note  about  the  eruption  covering  the  whole  body  evi- 
dently refers  to  its  general  distribution,  as  it  was  nowhere  abundant,  and  was  the 
lightest  eruption  occurring  in  any  case  this  year. 

lOOIf..  Case  5. — iVttending  physician,  Doctor  Mills  (notes  prepared 
by  Doctor  Ashburn;  patient  seen  and  microscopic  examination  of  blood 
made  by  Doctors  Mills,  Ashburn,  and  Stiles). 
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L Female;  school-teacher;  age  24  year’s;  single. 

Family  historj’:  Parents  and  brothers  and  sisters  are  living  and  in  good  health. 
No  hereditary  disease  in  family. 

Personal  history  (previous  to  present  illness) : Measles  in  childhood.  No  other 
sickness.  Been  living  at  Woodman,  in  this  county,  since  last  September,  teaching 
school.  Kept  house.  No  chickens.  Just  finished  menstruating. 

History  previous  to  admission:  Positive  she  has  had  no  tick  bites  or  other  bites  of 
any  kind.  Chill  night  of  the  12th.  Headache  and  fever  continued  then  to  present. 
Came  here  next  day.  Eruption  appeared  yesterday  afternoon. 

May  16.  Symptoms:  Quite  calm  facies;  tongue  has  heavy,  white,  moist  coat. 
Throat  slightly  sore,  but  shows  no  marked  injection.  No  appetite.  Bowels  at  pres- 
ent slightly  constipated.  Face  slightly  flushed.  Spots  on  face,  arms,  hands,  and 
body,  etc.  Heart  sounds  clear  and  regular.  Breathing  normal  and  sounds  clear, 
front  and  back.  Splenic  dullness  increased.  Hepatic  apparently  diminished.  Pass- 
ing urine  normally.  Vomits  practically  everything  taken  by  mouth.  No  nausea  or 
pain  in  stomach.  Headache  present. 

May  18:  Condition  good.  Heart  rapid  and  slightly  weak  and  patient  vomits  a 
great  deal,  but  otherwise  is  doing  well.  Bowels  0.  K.  Patient  slept  well  last  night. 
Spots  not  brighter  and  seem  to  be  fading.  Mind  clear.  Headache  improved. 

May  23:  Informed  to-day  by  Doctor  Mills  that  patient  continued  to  do  well  until 
afternoon  of  May  21,  when  her  respiration  ceased.  As  heart  was  acting  well,  artifi- 
cial respiration  was  resorted  to.  In  five  minutes  patient  breathed,  roused,  and  was 
quite  rational.  Failure  of  respiration  continued  to  occur  at  intervals,  patient  appar- 
ently forgetting  to  breathe.  She  died  about  7 a.  m.  May  22.  Hypodermics  of  mor- 
phine apparently  acted  as  respiratory  stimulant  (Dr.  Mills).  Urine  examined  by 
Ashburn,  passed  May  18,  contained  albumen;  reddish,  yellow,  turbid,  acid,  1,028;  no 
microscopic  examination. 

Later  notes:  Temperature  on  fourth  day  was  103°  F.  On  day  of  death  was  104°  F. 
Treatment  consisted  principally  of  morphine  in  considerable  doses.  Diet  was  light, 
but  almost  everything  was  vomited  unchanged  soon  after  taking.  This  was  also  true 
of  beer,  which  the  patient  had  requested. 

190If.  Case  6. — Attending  physician,  Dr.  Charles  Pixley  (patient 
seen  and  microscopic  examination  of  blood  made  by  Doctors  Pixley, 
Mills,  Ashburn,  and  Stiles). 

Eeport  of  a Case  of  so-called  “Spotted  Fever”  in  1904.  By  Charles 

Pixley,  M.  D. 

Male  patient,  F.  W.,  aged  21  years,  of  rather  neurotic  temperament.  At  one  time 
he  had  used  tobacco  to  excess.  Two  weeks  prior  to  my  first  visit,  which  was  on 
May  16,  1904,  he  had  worked  at  Harvey  Creek,  a few  miles  east  of  Bock  Creek,  and 
parallel;  also  opposite  to  Quigley. 

Patient  was  bitten  by  ticks  at  Harvey  Creek;  also  at  home  at  Missoula  after  his 
return.  He  had  brought  bedding  home  with  him. 

He  had  been  complaining  for  about  a week  before  I saw  him.  Two  days  prior  to 
my  visit  he  had  fallen  against  the  door  at  home,  and  he  then  went  to  bed.  When 
first  seen  by  me  he  had  a temperature  of  103°  F.,  with  headache,  backache,  and  leg- 
ache;  also  felt  restless.  Small  pink  macular  spots  were  present  on  legs,  arms,  and 
trunk;  face  of  a florid  complexion,  but  without  visible  spots. 

May  16,  p.  m.:  Temperature,  103;  respiration  rapid;  pulse  good,  but  rapid;  nervous 
symptoms  marked;  restless;  talk  a little  incoherent. 

May  17,  a.  m. : Temperature,  102;  nervous  symptoms  more  marked;  p.  m.,  tem- 
perature rising  until  9 p.  m.^  103.6;  rash  still  more  marked. 
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May  18,  a.  m.  Temperature,  101.8;  p.  m.,  103.8;  restless,  twitching  of  muscles, 
labored  breathing,  rash  becoming  purple  and  more  plentiful. 

May  19:  Temperature  about  the  same  as  on  previous  day  ; pulse  weaker;  extremely 
nervous,  restless;  respiration  rapid  and  labored;  delirious  all  the  time;  thrown  into 
a state  of  tonus  when  touched  lightly  anywhere  on  the  body. 

May  20:  All  symptoms  more  marked;  temperature  about  the  same;  rash  profuse; 
delirium  the  most  marked  symptom;  general  rigidity  of  all  parts  of  the  body;  twitch- 
ing of  face  muscles;  unable  to  swallow. 

May  21:  Died  at  2.30  a.  m.,  preceded  by  coma;  temperature  at  1 o’clock  was  104. 

Treatment  was  at  first  purging  with  calomel;  continued  use  of  calomel  in  ^-grain 
doses  every  4 hours,,  also  inunction  of  blue  ointment;  quinine  per  mouth  in  5-grain 
doses;  whisky,  strychnine,  and  morphine  throughout  the  last  3 days. 

The  following  additional  notes  on  this  case  were  made  by  Doctor 
Ashburn : 

Personal  history  (previous  to  present  illness) : Working  in  lumber  camp  on  Harvey 
Creek,  where  no  spotted  fever  had  previously  been. 

Present  illness:  Bitten  by  tick  at  Harvey  Creek  about  May  5 (date  not  exact). 
Bitten  again  after  coming  home.  5Iay  13,  taken  sick  with  chill,  fever,  general  pain, 
and  aching.  14th,  fell  in  door,  sick.  Seen  by  Doctor  Pixley  May  16.  Temperature 
103.5°  P.  Slightly  delirious.  Xervous  twitchings  and  trembling.  Spots  beginning 
to  appear  on  fianks  and  legs,  unusually  small.  Temperature  ranged  higher  in  after- 
noon (to  about  104°).  Kept  growing  worse,  twitching,  tossing  all  the  time.  Spots 
increased  gradually  and  darkened  until  at  death  patient  had  blue  areas  the  size  of 
the  hand.  Became  more  sensitive  and  irritable  until  at  last  the  slightest  touch  would 
cause  violent  jump,  almost  a convulsion.  Breathing  irregular  when  awake,  regular 
when  sleeping.  Had  sore  throat  early  and  very  slight  nose  bleed.  Bowels  0.  K. 
Paving  almost  to  time  of  death.  Comatose  for  a few  hours.  Urine  not  examined. 
Physical  examination  negative  except  the  skin.  Rash  when  seen  by  me  very  fine. 

Treatment:  Calomel  internally,  mercurial  inunctions.  Quinine,  5 grains  every  4 
hours.  Alorphine  as  necessary.  Formalin  alx)ut  5 minims  at  end.  Died  Saturday 
night.  May  21. 

190 Case  7.— Attending  physician.  Dr.  J.  W.  Howard  (patient 
seen  also  and  microscopic  examination  made  by  Doctors  McGrath. 
Ashburn.  and  Stiles). 

Report  of  a case  of  so-called  “Spotted  Fever”  at  Hamilton,  1904,  by 

Dr.  J.  W.  Howard. 

Cl.  51.,  male,  aged  10  years,  was  brought  to  Hamilton  from  his  home,  8 miles  south- 
west of  here,  on  the  west  side  of  the  Bitter  Root  River.  He  came  under  my  obser- 
vation 5Iay  14,  1904. 

The  eruption  at  the  time  was  very  faintly  marked,  though  he  had  been  sick  for  3 
or  4 days;  temperature,  103°  F. ; pulse,  110;  very  restless;  appetite  absent  through- 
out entire  sickness.  Died  51ay  22,  8 a.  m. 

The  nose  bled,  not  excessively,  but  frequently,  for  the  last  5 days  before  death. 
The  eruption  was  very  backward  and  slow  in  coming  out,  and  in  fact  never  became 
pronounced.  He  had  a con\'ulsion  8 or  10  hours  before  death;  do  not  know  whether 
he  had  others  later;  during  the  con\’ulsion  he  had  slight  opisthotonos.  Disturbance 
of  nervous  system  was  marked  throughout  his  illness  by  thrashing  around  in  bed,  roll- 
ing of  the  head,  and  throwing  the  arms;  he  could  not  be  made  to  lie  upon  his  left  side 
for  a minute  at  a time,  but  would  immediately  throw  himself  upon  his  right  side  or 
his  back.  Answered  questions  intelligently  up  to  within  a few  hours  of  death. 
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Never  complained  of  pain  at  any  time,  except  occasionally  when  asked  if  his  head 
ached,  he  would  answer  “Yes.”  "Was  seen  by  Doctors  Ashburn  and  Stiles  on  May 
20;  they  took  blood  samples  for  examination;  examination  negative;  temperature 
ranged  throughout  from  97.5°  to  105°  F. ; pulse  from  85°  to  125°  per  minute;  bowels 
and  urine  both  acted  regularly  and  without  assistance.  The  basis  of  treatment  was 
.quinine  sulphate  in  large  doses;  other  medication  as  indicated  from  time  to  time. 

In  addition  to  the  above  account  I may  give  the  following  notes 
made  by  Doctor  Ashburn: 

Family  history:  Father  killed.  Mother  alive  and  well.  One  sister  died  of  whoop- 
ing cough.  One  sister  recovered  from  spotted  fever  under  quinine  3 years  ago. 

Personal  history  (previous  to  present  illness):  H^d  chills  and  fever  6 years  ago. 
Measles  and  whooping  cough.  No  other  sickness. 

History  previous  to  admission:  May  11,  complained  at  noon  of  being  sick.  Had 
nausea  and  headache.  Slept  that  afternoon  and  was  feverish  and  had  headache  and 
stomachache.  On  washing  neck  on  first  day  complained  of  tenderness.  May  13, 
spots  showed  on  hips. 

May  14,  seen  by  Doctor  Howard.  Then  stupid,  restless.  Temperature  103.5°  F.  ; 
pulse,  115.  Tongue  had  heavy  moist  coat.  No  pain  except  in  bowels,  from  cathartic. 
No  diarrhea,  cough,  or  sore  throat.  After  medicine,  bowels  loose.  Has  eaten 
practically  nothing  yet. 

Physical  signs:  Temperature  from  103°  in  evening  to  as  low  as  99°  in  morning. 
Vomiting  more  or  less  aP  through  attack.  Vomit  greenish  yellow. 

Present  condition.  May  20:  Expression  dull.  Very  restless  and  tossing.  Nauseated 
much  of  time.  Nosebleed  at  times.  Lips  dry,  blood  stained,  and  crusted.  Tongue 
dry,  brown,  and  somewhat  glazed.  Vomit  contains  blood,  thought  to  be  from  nose. 

Eruption  general,  fine  puiqilish.  Less  marked  on  face.  Neck  shows  discoloration, 
yellowish.  Heart  sounds  clear;  resj)iration  harsh,  especially  on  right  side.  Spleen 
enlarged.  Convulsions  at  8 p.  m..  May  21.  Died  at  2 a.  m..  May  22.  The  daily 
dosage  of  quinine  to  May  20,  was:  45,  45,  36,  48,  32,  and  35  grains. 

190 Jf..  Case  8. — Attending  physician.  Doctor  Minshall;  patient  seen 

by  Doctors  Minshall,  Gwinn,  Ashburn.  and  Stiles:  microscopic  exami- 
nation made  by  Ashburn  and  Stiles. 

[Dr.  MinshalPs  notes.] 

N. 

Bitten  by  tick  in  4 places  Sunday  night.  May  15,  1904.  Slight  chill  in  afternoon 
of  May  17.  tVas  sick  the  following  night  and  day.  tVas  seen  by  Doctor  Gwinn  the 
evening  of  the  18th,  who  cauterized  and  dressed  the  tick  bites.  Temperature  at  that 
time  said  to  have  been  102.  Severe  headache,  but  no  pain  in  back  or  limbs.  I took 
charge  of  patient  on  May  19,  at  5 o’clock  p.  rn.  Headache,  but  no  pain  elsewhere; 
coated  tongue,  intense  thirst,  but  no  nausea. 

May  20:  Condition  much  the  same  as  yesterday,  bowels  moving  freely. 

May  21:  No  headache,  no  pain,  no  spots  at  10  a.  m.,  but  skin  xwesents  a mottled 
appearance.  At  2 p.  m.  spots  appear  quite  distinctly  on  wrists  and  chest.  By  5 p.  m. 
all  spots  have  disajDpeared.  Skin  of  a decidedly  mottled  appearance. 

Sunday,  22d:  No  change  from  yesterday.  Appetite  fairly  good,  mind  clear,  no 
pain  in  any  part  of  the  bodv. 

Monday,  23d:  No  change  since  Saturday,  except  patient  sleeps  more,  mind  less 
active,  some  muttering  during  sleep. 

Tuesday,  24th:  Spots  make  appearance  in  decided  manner  over  entire  back,  tij^per 
limbs,  and  chest.  Nervous  symptoms  increase.,  more  dullness,,  with  slight  delirium; 
in  fact,  sleeps  most  of  time. 
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Wednesday,  25th : Eruption  all  over  the  body.  Hyperesthesia  of  skin  very  marked. 
High  nervous  tension,  muscles  of  back  and  limbs  very  rigid. 

Thursday,  26th : Condition  much  the  same  as  yesterday,  with  more  or  less  coma. 

Friday,  27th:  Almost  complete  coma;  all  nervous  symptoms  increased. 

Saturday,  28th:  All  conditions  of  two  previous  days  more  pronounced.  A drink 
of  water  produces  spasm  of  pharynx  and  diaphragm. 

Sunday,  29th:  Previous  conditions  more  marked;  slight  edema  of  right  lung 
noticed  at  8 o’clock  p.  m. 

Monday,  30th:  Both  lungs  quite  edematous.  Eemained  in  this  condition  during 
the  day,  dying  at  9.15  o’clock  p.  m. 

No  photophobia  at  any  time,  pupils  reacting  to  light  up  to  and  including  28th 
instant. 

[Doctor  Ashburn’s  notes.] 

Tick  bites.  May  14;  chill,  16th;  fever,  slight  sore  throat,  and  eruption  on  23d. 

May  26:  Eruption  profuse  and  measly  everywhere  but  face.  Temperature  103. 
Delirious.  Tongue  heavy,  white  coat,  becoming  dry  and.  brown.  Abdomen  gener- 
ally tender,  especially  right  side.  Hyperesthesia  marked.  Face  flushed,  conjunctivse 
injected. 

May  29:  Comatose,  spots  purple,  face  still  free.  Eespiration  50,  pulse  138,  tem- 
perature 103.  S]:)lenic  dullness  not  obtainable. 

May  30:  Seen  at  8.30  p.  m.  with  Doctor  Minshall  and  Doctor  Stiles.  Patient 
comatose.  Lungs  tilled  with  fluid,  so  that  loud  rattling  was  heard  throughout  the 
room.  Bubbling  and  crackling  rales  everywhere.  Pulse  weak,  respiration  50. 
Patient  evidently  about  to  die,  and  decided  to  use  bleeding  followed  by  intravenous 
injection  of  1:1000  formaline  to  normal  salt  solution.  Patient  died  Avhile  this  was 
being  done.  Informed  by  Doctor  Minshall,  nurse,  and  mother  tliat  reflex  excita- 
bility had  been  so  intense  for  24  hours  that  slight  touch  used  in  putting  spoon  to  lips, 
sponging,  etc.,  would  cause  spasm  and  rigidity  of  whole  body. 

lOOIf-.  Case  9. — Report  on  case  ^‘spotted  fever”  in  190L,  by  R. 
Gwinn,  M.  D. 

G.  C.  T.,  of  Florence,  Mont.,  farmer,  aged  32  years.  Has  been  tick  bitten  every 
day  or  so  for  the  whole  spring;  he  has  disinfected  the  bites  with  carbolic  acid.  On 
the  26th  instant,  was  taken  with  chills,  fever,  and  headache.  Seen  by  Dr.  J.  F.  Brice, 
of  Stevensville,  Mont.,  on  27th  instant,  who  administered  “calomel  and  fever  medi- 
cine.” Came  to  St.  Patrick’s  Hospital  at  4 p.  m.  to-day,  when  I And  the  patieait 
complaining  of  headache  and  general  soreness.  Examination  reveals  many  tick  bites, 
together  with  an  eruption  all  over  like  that  of  the  “spotted  fever.”  Pulse  92,  tem- 
perature 103. 2 under  axilla.  Pupils  large.  Eespiration  slightly  accelerated.  Tongue 
heavily  coated.  No  apparent  eruption  in  mouth  or  throat. 

Diagnosis:  The  so-called  “spotted  fever.” 

May  29:  Seems  about  the  same.  Pulse  100,  temperature  103.2. 

May  30:  Patient  much  the  same,  except  eruption  darker  and  the  skin  and  con- 
junctivse  more  “jaundiced.”  Pulse  104,  temperature  103.2.  Doctors  Mills  and 
Stiles  see  the  case  with  me,  when  a search  of  1 hour  by  each  of  us  for  the  parasite 
described  by  Doctors  Wilson  and  Chowning  is  made  with  a negative  result. 

May  31,  a.  m. : Pulse  104,  temperature  in  axilla  103.4;  rested  during  latter  part  of 
night;  injection  of  warm  soapsuds  causes  good  action  of  the  bowels.  Examiilation 
of  eyes  shows  media  a little  blurred,  so  that  the  granular  appearance  of  the  retina 
can  not  he  seen.  The  larger  retinal  blood  vessels  are  quite  plain,  however;  no  swell- 
ing or  blurring  of  disk;  no  hemmorhagic  petechiae  in  retina. 

There  is  no  stiffness  of  neck,  and  the  head  can  readily  be  bent  forward.  No  herpes. 
There  is  no  pain  complained  of  at  Ml  to-day;  not  even  headache,  and  there  was 
scarcely  any  yesterday. 
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May  31,  p.  m.:  Pulse  122,  axillary  temperature  102.5,  rectal  temperature  104.8, 
respiration  28.  Urine  S.  G.  1,022,  acid,  no  sugar,  trace  of  albumen,  granular  casts 
abundant,  no  blood.  Patient’s  mind  has  been  wandering  for  2 days.  Worse  now. 

June  1,  a.  m. : Pulse  120,  rectal  temperature  103.8  at  9 a.  m.  At  2 p.  m.,  pulse  130, 
weak  and  irregular.  At  8 p.  m.,  pulse  120,  rectal  temperature  103.8;  patient  is  de- 
lirious. 

June  2,  9 a.  m. : Pulse  ]30,  weak  and  irregular;  patient  grew  weaker  and  died  at 
8 p.  m.  from  heart  failure. 

(The  treatment  in  this  case  was  symptomatic.) 

The  following  additional  notes  were  made  by  Doctor  Ashbnrn: 

Personal  history  (previous  to  present  illness):  Mumps,  measles,  scarlatina.  Xo 
typhoid.  Five  years  ago  had  spotted  fever,  which  was  aborted  by  Doctor  Brice. 
Felt  worse  then  at  beginning  than  now.  Did  not  have  eruption. 

History  previous  to  admission:  May  29:  Been  working  in  hills  west  of  Florence  all 
Spring.  Had  very  many  tick  bites  which  he  cauterized  with  carbolic.  May  25,  had 
chill,  followed  by  fever  and  mild  pains.  Took  calomel.  Headache  more  or  less  since, 
but  not  constant. 

Condition  on  admission:  May  28:  Measly  eruption,  not  thick,  appeared  about 
ankles.  It  now  shows  on  ankles,  face,  and  arms;  possibly  elsewhere,  nowhere 
marked.  Tongue  white,  moist,  coated.  Eyes  suffused  and  light  hurts  them. 
Urinous  (?)  odor  to  breath.  Bowels  0.  K.  Xo  cough,  nose  bleed,  or  especial 
discomfort.  Urine  passed  about  as  usual.  Spleen  not  demonstrably  enlarged,  not 
tender.  Liver,  heart,  and  lungs  O.  K.  Abdomen  not  tender,  shows  eruption. 

Junel:  Xo  photophobia,  no  pain.  Apparent  jaundice.  Mind  not  so  clear  as  at 
last  note.  Doctors  Chowning,  Stiles,  and  myself  found  nothing  in  blood. 

190Jf.  Case  10. — Attending  physician.  Doctor  Mills  (notes  prepared 
by  Doctor  Ashburn;  patient  seen  and  microscopic  examination  of 
blood  made  by  Doctors  ]\lills,  Ashburn,  and  Stiles). 

J.  B.  Male,  age  6 years.  Had  measles.  Family  history  good. 

Personal  history  (previous  to  present  illness) : Left  Iowa  6 weeks  ago.  Been  in 
Bozeman  5 weeks.  June  2,  arrived  in  Missoula  and  went  on  to  Hamilton.  Felt  badly 
that  night  and  ate  no  dinner.  Ate  none  next  day  and  vomited.  ■ Pain  in  abdomen, 
occiput,  and  back  of  neck,  lasting  to  present,  but  now  less  marked.  Fever.  Seen  by 
Doctor  McGrath  June  5,  and  eruption  appeared  June  6. 

Symptoms:  Bright  and  intelligent.  Face  flushed.  Eyes  injected,  slightest  con- 
vergent strabismus.  Tongue  white  and  moist.  Cervical  glands  somewhat  enlarged. 
Throat  and  mouth  show  no  eruption  or  soreness.  Some  cough  present.  Spleen 
enlarged.  Abdomen  painful  and  tender.  IMeasly  eruption  on  hands,  arms,  feet, 
legs,  and  buttocks,  palms,  and  soles.  Pain  and  tenderness  in  abdomen,  occiput,  and 
neck.  Bowels  loose. 

Blood  examination:  Fresh  specimen  negative.  Large  dipplococcus  in  stain,  look- 
ing like  contamination. 

June  8:  Taking  calomel  and  paregoric;  room  darkened.  Has  slept  much  of  the 
time.  Free  from  pain  in  the  neck.  Still  has  it  in  abdomen.  Harsh  breathing  over 
right  lower  lobe. 

June  9:  Xot  seen  by  me.  Doctor  Mills  reports  spinal  tenderness  again.  Pain  still 
in  abdomen.  Spots  not  darkened.  Condition  much  the  same. 

June  10:  Appearance  excellent.  Very  slight  convergent  squint  still  present.  SiDots 
fading  on  legs  and  body,  not  on  soles.  Pain  still  present  in  neck  and  abdomen. 
Tongue  lightly  coated.  Knee  jerks  normal.  Mother  states  that  last  night  he  cried 
that  his  eye  was  turning  out.  She  looked,  and  divergent  squint  (outward  rotation  of 
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left  eye)  ^vas  present.  She  calmed  him  to  sleep  and  the  outward  rotation  was  not 
present  this  morning. 

June  12;  Still  complaining  somewhat  of  pain  in  neck  and  belly.  Spots  fading. 
Doing  well. 

June  15:  Pain  in  knees;  temperature  normal.  Patient  sitting  up  in  bed  and  eating 
well.  Spots  all  disappeared,  but  a few  discernible  on  palms. 

June  17:  Patient  left  hospital  practically  well. 

190 J^.  Case  11. — Attending  physician,  Doctor  Mills  (notes  prepared 

by  Doctor  Ashbiirn  from  hospital  chart  and  bedside;  patient  seen  and 
microscopic  examination  made  by  Doctors  Mills,  Ashburn,  and  Stiles). 

Monday,  June  20,  1904:  Mrs.  E.,  aged  23  years,  married,  one  9-months-old  child 
living.  Xow  pregnant  in  the  sixth  month.  Patient  born  in  the  Tyrol,  Austria,  and 
arrived  in  this  country  4 weeks  ago.  Came  to  Missoula  19  days  ago.  Remained  in 
town  5 days  and  removed  to  a ranch  purchased  on  the  Lo  Lo. 

Saturday  evening,  June  18:  Patient  felt  entirely  well.  That  day  she  had  merely 
tasted  and  then  refused  to  eat  veal  because  of  bad  odor.  She  had  gone  barefooted 
during  the  day  and  felt  chilly,  but  it  was  a very  cold  day.  That  night  she  had 
occipital  headache  and  could  net  sleep. 

Sunday,  the  19th:  She  vomited.  All  day  she  ate  nothing  and  felt  feverish.  At 
9.30  p.  m.  she  started  for  Missoula,  reaching  here  at  1 a.  m.  Slept  at  a hotel  and 
came  to  hospital  this  morning.  On  her  way  to  town  she  vomited  bitter  fluid.  At 
present  she  has  frontal  headache,  some  tenderness  of  the  back  of  the  neck.  IMany 
abrasions  on  the  feet  and  legs,  all  said  to  be  due  to  scratching  mosquito  bites.  Tick  bites 
denied.  Eyes  slightly  injected,  otherwise  normal.  No  tenderness  of  eyeballs,  scalp, 
or  general  surface.  Tongue  moist  and  shows  a moderate  white  coating.  No  erup- 
tion. Spleen  not  demonstrably  enlarged  and  not  tender.  Bowels  regular.  Temper- 
ature, 101°  E. ; pulse,  105.  Patient  has  had  a slight  cough  for  2 weeks.  Examina- 
tion of  lungs  negative.  Heart  sounds  normal. 

June  22:  Condition  not  so  good.  Pulse  more  rapid.  Scattered  measly  eruption 
on  body  and  limbs.  Examination  of  the  blood  shows  no  protozoa.  Leukocyte 
count  15,600. 

June  23:  Spleen  not  demonstrably  enlarged.  Fetal  movements  felt.  Examina- 
tion of  lungs  shows  decidedly  harsh  respiratory  sounds  over  the  left  apex  anteriorly 
and  posteriorly  and  over  entire  right  lung  posteriorly.  Tongue  red  and  moist,  with 
white  streaks.  Eruption  abundant  on  body,  limbs,  and  face;  measly,  not  petechial. 
Urinous  (?)  odor  of  breath. 

June  24:  Had  respiratory  depression  last  night,  respiration  falling  to  8.  Fetal 
movements  felt  at  noon  today.  Spinal  puncture  made  at  4.30  p.  m.,  negative. 
Patient’s  general  condition  not  so  good  as  yesterday.  Face  somewhat  dusky,  spots 
darker,  but  not  hemorrhagic.  Sordes  on  lips  and  tongue.  Patient  very  nervous. 
Urine,  reddish-yellow,  turbid;  heavy  yellowish  precipitate;  acid,  specific  gravity 
1,018;  albumen  j^resent  in  small  amount;  no  sugar;  no  bile  (Gmelin);  urea,  3.5  per 
cent;  abundant  vaginal  ei^ithelium  and  small  round  epithelium;  numerous  blood, 
epithelial,  and  granular  casts;  free  red  and  white  blood  cells;  much  granular  debris. 

June  25:  Condition  worse.  Delirium  constant  and  marked.  Only  6 ounces  of 
urine  past  24  hours.  Drawn  by  catheter.  No  fetal  movements  felt.  Pulse  very  rapid 
and  weak.  Cyanosis  present. 

June  26:  Miscarriage  at  2 a.  m.  Very  rapid  and  not  followed  by  much  bleeding. 
Child  lived  an  hour  and  showed  no  spots.  Patient  very  restless  and  constantly 
delirious;  at  times  violent.  Alcohol  seems  to  aggravate  this.  Face  cyanosed,  spots 
purple  and  somewhat  increased  in  size.  Urine,  8 ounces  in  past  24  hours. 

June  27 : Patient  was  bled  last  evening  to  the  amount  of  12  ounces,  with  marked 
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temporary  improvement;  good  night’s  rest  followed.  This  morning  restless  and 
very  delirious.  Resists  all  attempts  at  passive  motion.  Rrine  i:>assed  involuntarily. 
Pupils  widely  dilated  notwithstanding  the  administration  of  large  amounts  of  mor- 
phine. Yesterday  had  9 grains  between  2 and  10  p.  m.  Face  and  spots  not  so  dusky 
as  yesterday.  Lungs  examined  anteriorly  and  found  as  at  last  note.  Harsh  sounds 
at  right  apex. 

June  28:  Bled  1 ounce  last  night.  Very  restless  and  delirious  this  morning. 
Morphine,  grains  4.5  from  7 to  10  a.  m.,  with  no  apparent  effect.  Lungs  edematous. 
Patient  died  at  11.30  o’clock  a.  m. 

Autopsy,  3 hours  after  death:  Body  of  well-nourished  woman,  showing  no  marks 
of  violence  except  some  small  scabbed  abrasions  on  the  leg,  phlebotomy  incision  on 
arm,  and  needle  puncture  below  left  breast  and  on  arms.  Purple  discoloration  on 
dependent  portions  of  body.  All  measly  eruption  has  disappeared  from  the  upper 
portion  of  body.  Posterior  of  body  blue,  shows  many  spots,  very  dark  blue  or  purple, 
from  1 to  3 or  4 mm.  in  diameter.  Over  the  left  buttock  and  coccyx  are  a few  purple 
areas  (1  by  4 to  6 cm. ) that  look  like  extravasations.  Slight  bloody  discharge  from  the 
vagina.  Calvarium  being  removed  shows  outer  surface  of  dura  injected,  but  otherwise 
normal.  Removal  of  dura  shows  some  adhesions  at  the  vertex  between  the  membranes 
and  the  brain  substance.  Area  of  adhesions  small.  Veins  on  surface  of  brain  are  dis- 
tended with  blood.  Xo  pus  or  lymph  seen.  Baseof  skull  and  dura  normal.  Ventricles 
opened  and  appear  normal,  except  for  some  distension  of  the  veins.  Small  amount  of 
bloody  serum,  blood  of  which  very  probably  came  from  cut  veins,  in  one  lateral  ventri- 
cle. Cerebrum  on  section  appears  about  normal.  Basal  ganglia  on  section  appear  nor- 
mal. Section  of  medulla,  pons,  and  cerebellum  shows  nothing  abnormal.  Incision 
from  manubrium  to  pubis  shows  good  amount  of  subcutaneous  fat.  Muscles  well  devel- 
oped and  of  good  color.  Peritoneum  normal.  Removal  of  sternum  shows  remnants 
of  thymus  gland.  Pleural  cavities  normal,  except  a few  adhesions  between  the  left 
lung  and  the  pericardium;  latter  contains  an  apparant  excess  of  clear  straw-colored 
serum.  Heart  distended  with  blood.  Left  ventricle  partially  contracted.  Removal 
of  right  lung  shows  it  lead  color  on  upper  surface,  very  dark  posteriorly.  Several  dark 
spots  one-eighth  inch  in  diameter,  apparently  old,  anteriorly.  Entire  lung  edematous. 
Posterior  portion  extremely  congested;  in  a condition  of  hypostatic  pneumonia,  and 
sinks  in  water.  Bronchial  glands  enlarged  and  black.  Removal  of  left  lung  shows 
same  appearance  as  right  except  the  pneumonic  area  is  less  marked  and  less  exten- 
sive. Heart  on  removal  seems  normal,  muscle  well  nourished;  left  side  contains 
chicken  fat  and  red  clots.  Valves  normal.  Right  side  contains  a few  small  clots,  white 
and  red.  Valves  apparently  normal.  First  part  of  aorta  normal.  Arch  of  aorta 
seems  unusually  small,  just  permitting  little  finger  to  enter.  Examination  of  abdomen 
shows  peritoneum  normal,  considerable  amount  of  straw-colored  serum  present. 
Organs  in  normal  relation  and  position.  Spleen  enlarged  and  bound  down  by  pos- 
terior adhesions  and  adhesions  to  stomach.  Soft,  easily  torn;  slaty-purple  in  color. 
Liver  apparently  somewhat  enlarged;  paler  than  usual,  with  yellowish  tinge,  which  is 
probably  fat.  Section  of  liver  is  decidedly  pale;  what  little  blood  flows  is  also  very 
pale;  tissue  is  firm,  though  not  apparently  fibroid.  Gall  bladder  distended  with 
fluid  bile,  duct  patulous.  Xo  gallstones.  Gross  appearance  of  left  suprarenal  shows 
it  apparently  normal.  Size  of  left  kidney  13  by  7 by  6 cm.  Section  shows  the  cor- 
tex little  if  at  all  altered.  Capsule  is  adherent,  carrying  substance  in  removal. 
Areas  of  distinct  pallor  scattered  over  the  surface.  Right  suprarenal  appears  con- 
gested, otherwise  normal.  Right  kidney  12  by  7 cm.  Cortex  pale  and  thickened. 
(Doctor  IMills  thinks  it  normal.)  Capsule  adherent  in  same  way.  Pancreas  appar- 
ently normal.  Stomach  shows  injection  about  cardiac  end,  otherwise  appears  normal. 
Intestines  removed,  opened,  and  washed.  Upper  portion  appears  normal.  Solitary 
glands  and  Peyer’s  patches  appear  somewhat  swollen.  Cecum  shows  considerable 
injection,  which  continues  more  or  less  throughout  the  colon.  The  uterus  is  enlarged 
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to  the  size  of  2 lists  and  measures  11  cm.  broad  by  13  cm.  long;  soft,  normal  in  appear- 
ance for  a recently  delivered  uterus.  The  left  ovary  normal,  as  is  the  right,  which 
contains  corpus  luteum.  On  section  womb  appears  normal.  Aspiration  of  spinal 
canal  through  the  lumbar  region  withdrew  15  c.  c.  clear  spinal  fluid.  Dura  appar- 
ently normal.  Spinal  cord  removed.  On  removing  dura  from  cord  showed  con- 
siderable injection  of  vessels,  Avhich  was  probably  hypostatic.  Xodymph  exudation 
or  other  evidence  of  inflammation.  Cross  section  of  the  cord  at  1-inch  intervals 
shows  nothing  abnormal.  Xo  scales  present  and  organs  could  not  be  weighed. 

The  folloTvino-  notes  have  been  sent  to  me  hv  Dr.  R.  D.  Alton,  of 
Livingston.  Mont. : 

1904:  (f)  Case  12. — E.  S.,  age  71,  United  States,  came  to  St.  Lukes  Hospital,  having 
been  sent  to  me  with  the  diagnosis  “spotted  fever.” 

Upon  admission,  May  14,  1904,  he  stated  that  he  noticed  4 ticks  in  the  vicinity  of 
the  left  elbow,  about  10  days  ago. 

Upon  closely  questioning  him,  stated  he  saw  the  ticks  11  days  ago,  or  on  the  3d  of 
May.  He  further  said  he  saw  the  rash  on  the  body  a few  days  after  observing  the 
ticks;  that  the  arm  “swelled  up  as  large  as  two  arms  and  was  as  red  as  a beet.” 

From  the  arm  the  rash  spread  all  over  the  body.  He  is  positive  regarding  the 
presence  of  the  ticks.  He  is  equally  positive  that  he  was  not  bitten  by  anything 
else.  Upon  removing  his  clothing  the  odor  of  the  body  led  me  to  ask  him  if  he  had 
ever  had  measles,  to  which  he  replied,  yes. 

Temperature  on  admission  was  102°  F.  This  gradually  declined  to  normal. 

At  no  time  was  he  delirious.  He  complained  of  great  soreness  all  over  the  body; 
his  feet  were  exquisitely  tender  and  continued  so  until  he  left  the  hospital.  May 
27,  1904. 

The  urine  on  admission  was  scanty  and  highly  colored,  no  sugar  or  albumen 
found.  His  diet  while  in  the  hospital  consisted  of  fruits,  vegetables,  buttermilk, 
lemonade,  etc. 

He  was  given  a combination  of  equal  parts  of  Pulv.  Glycyrrhizte  Comp,  and  Potas- 
sium Bitart.,  in  water,  to  regulate  the  bowels,  with  Basham’s  Mixture  after  meals. 
In  addition,  he  was  given  sour  Ehine  wine  during  the  day. 

He  made  an  tmeventful  recovery,  the  rash  disappearing  from  the  face,  forehead, 
trunk,  arms,  body,  and  lower  extremities  in  the  order  named. 

On  the  25th  of  May  his  daughter  called  on  him;  from  her  I learned  that  measles 
were  present  in  the  vicinity  from  which  he  came — Lewiston,  Meagher  County,  Mont. 

The  history,  together  with  your  negative  findings,  lead  me  to  believe  it  was  practi- 
cally a case  of  measles,  occurring  in  an  old,  poorly  nourished,  scorbutic  patient. 

1904:  (.^)  Case  13. — On  Sunday,  June  12,  1904,  I saw  Charles  E.,  age  26,  Lhiited 
States,  at  Gardiner.  Park  County,  5Iont. 

L'pon  examination  found  a cicatrix  on  the  inner  aspect  of  the  left  leg,  middle  third. 
Mas  told  he  had  been  bitten  by  a tick,  12  days  previously. 

At  the  time  of  my  visit  he  was  delirious,  j^icking  at  the  bed  clothing,  muttering, 
and  rolling  restlessly  from  side  to  side.  Pupils  dilated  and  irresponsive  to  light, 
patellar  tendon  relex  exaggerated,  ankle  clonus  pronounced.  Tongue  furred,  bowels 
constipated,  urine  scanty  and  high  colored.  Xo  albumen  or  sugar,  Sp.  gr.  1030. 
Temperature  m axilla  at  5.41  p.  m.,  104°  F. 

Ordered  Sod.  Bromide,  grains  xv,  every  3 hours  to  produce  rest,  ice  bags  to  head, 
and  a hot,  mustard,  footbath. 

While  preparing  to  catheterize,  he  passed  a fair  quantity  of  urine,  involuntarily. 
Further  ordered  he  be  given  a glass  of  water  every  hour,  with  a glass  of  equal  parts 
milk  and  water,  every  4 hours.  I inclose  specimens  of  blood  taken  June  13,  1904. 

On  the  13th  was  informed  by  telephone  that  he  had  rested  well,  nervous  symptoms 
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abating,  kidneys  acting  freely,  bowels  moved  from  an  enema  given  on  the  evening 
of  the  12th  June. 

On  the  14th  improvement  continued,  temperature  at  5.30  p.  m.,  102°  F, 

This  may  be  a case  of  meningeal  irritation  following  measles,  or  may  be  due  to  the 
tick  bite  and  infection  from  that  source. 

I might  mention  that  there  was  no  cough  or  conjunctival  congestion. 

A Clinical  Report  of  Four  Cases  of  Piroplasmosis  Hominis,  with  Table  of 

Seventeen  Cases  seen  by  the  Author,  by  L.  A.  Gates,  M.  D.,  Bridger,  Mont. 

Case  11. — C.  B. ; age,  26;  male;  occupation,  ranchman;  residence,  Sage  Creek,  20 
miles  southeast  of  Bridger,  Mont.  I saw  this  patient  first  July  1,  1903,  being  the 
tenth  day  of  the  disease.  Patient  gives  a history  of  having  been  bitten  by  a tick 
June  21  on  the  left  leg,  7 inches  below  the  knee.  The  small  wound  caused  by  the 
bite  became  very  sore,  and  there  gradually  developed  around  it  an  irregular,  oblong 
dark  bluish-red  spot.  The  patient  also  states  that  he  was  bitten  by  a tick  on  the 
22d  and  23d,  but  only  the  first  bite  became  sore. 

On  the  24th  he  had  a very  severe  chill  and  says  he  has  had  considerable  fever 
since  that  time;  says  he  has  been  unable  to  sleep  at  all  or  eat  anything  for  the  past 
three  days.  Following  the  chill,  a very  severe  headache  came  on,  followed  by 
severe  aching  of  all  of  the  skeletal  muscles.  He  said  “They  ache  like  the  tooth- 
ache,” being  especially  severe  in  the  calves  of  the  legs.  On  the  27th  he  vomited;  on 
the  28th  he  noticed  a few  red  spots  on  the  palms  of  his  hands,  which  he  said  seemed 
to  be  just  under  the  skin  and  looked  like  the  eruption  of  the  measles.  There  were 
also,  at  this  time,  a few  spots  beginning  to  appear  on  the  feet. 

On  examination  this  tenth  day  of  the  disease,  we  find  the  patient’s  countenance 
bears  a look  of  nervous  anxiety.  The  eyes  are  bright,  with  considerable  congestion 
of  the  conjunctiva,  the  tongue  quivers  very  much  when  protruded  and  is  loaded  with 
a heavy,  dirty,  brown  coat;  sides  of  the  tongue  are  so  livid  as  to  be  almost  blue. 
A petechial  eruption  is  seen  in  the  skin  and  involves  every  portion  from  the  soles 
of  the  feet  to  and  including  the  scalp.  They  vary  in  color  from  bright  red  to  bluish 
red.  The  greater  number  are  seen  on  the  extremities,  where  in  places,  two  or  more,  by 
coalescence,  form  irregularly  shaped  spots.  They  vary  in  size  from  a pin  head  to  the 
size  of  a dime,  the  larger  ones  being  very  irregular  in  outline.  The  skin  is  very  dry. 

There  is  some  cough  and  on  auscultation  numerous  dry  rales  are  heard  over  the 
posterior  portion  of  both  lungs.  The  abdomen  is  moderately  tympanitic.  The  urine, 
which  is  almost  brown  in  color  and  lessened  in  amount,  contains  some  albumen. 
The  pulse  is  104,  weak  and  irregular,  temperature,  103°  F.  The  accompanying  chart 
shows  the  temperature,  pulse,  and  respiration  from  the  seventh  to  the  twenty-third 
day  of  the  disease,  at  which  time  the  patient  was  convalescent.  On  the  eleventh  day 
the  patient  was  unable  to  urinate  and  the  catheter  was  passed — urine  very  dark.  The 
general  course  of  the  disease  was  severe  in  this  case  from  the  onset,  though  no  com- 
plications occurred.  Especially  well  marked  was  the  cough  and  insomnia.  The 
temperature  touched  normal  on  the  twenty-third  day,  from  which  time  the  patient 
made  rapid  progress  to  complete  recovery. 

Case  14- — C.  F.  P. ; male;  age,  41  years;  occupation,  ranchman;  residence,  4 miles 
southwest  of  Bridger,  INIont.  This  patient  was  bitten  on  the  leg  by  a tick  April  11. 
On  the  18th  he  felt  a general  soreness  all  over  the  body,  which  has  gradually 
increased  up  to  the  first  time  1 saw  him,  April  23.  On  the  21st  he  had  a chill, 
followed  by  loss  of  appetite,  headache,  backache,  and  fever. 

Examination : The  face  was  slightly  flushed,  eyes  dull,  conjunctiva  slightly  injected, 
tongue  has  a grayish  coat,  bowels  are  constipated.  There  is  an  annoying,  dry  cough. 
No  abnormal  sounds  on  auscultation  of  the  lungs;  heart  sounds  normal;  pulse  rate, 
70,  strong  and  regular.  The  urine  is  high  colored,  but  contains  no  albumen.  Small 
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petechite  are  present  over  the  entire  body  except  the  face.  There  is  great  muscular 
soreness,  including  the  muscles  of  the  eye.  Has  slept  but  little  the  last  2 or  3 nights. 
Temperature,  102f°  F. 

April  24:  Patient  feels  better,  eruption  is  not  so  well  marked.  He  had  a chill  this 
a.  m.;  temperature,  102°  F. ; pulse,  64. 

April  25:  Patient  complains  bitterly  of  backache  and  pain  in  ankles  and  knee 
joints;  temperature,  103°  F. ; pulse,  64. 

April  26:  Patient  has  had  two  chills  this  a.  m.;  anorexia  complete;  says  he  feels 
very  tired;  temperature,  102f°  F. ; pulse,  72. 

April  27 : Bowels  moved  twice  during  last  24  hours  without  laxative  or  enema. 
The  cough  is  not  so  troublesome;  the  eyes  are  very  sensitive  to  light;  the  spots  are 
very  conspicuous;  temperature,  101f°  F. ; pulse,  62,  full  and  regular. 

April  28:  Complains  of  frontal  headache  and  severe,  heavy,  aching  pains  in  the 
tibiae;  the  spots  are  very  red;  the  insomnia  persists;  temperature,  103°  F. ; pulse,  70. 

April  29:  Patient  has  had  a slight  chill,  this  a.  m.;  the  pain  has  left  the  legs;  the 
eruption  shows  very  bright  and  red;  bowels  loose;  urine  much  reduced  in  quantity, 
no  albumen;  temperature,  102.7°  F.,  pulse,  66. 

May  1:  Patient  says  he  feels  very  much  better;  free  from  all  muscular  soreness  and 
pain;  slept  fairly  well  last  night;  has  some  desire  for  food;  the  spots  appear  very 
dark  red;  temperature,  101.5°  F. ; pulse,  70.  From  this  date  the  patient  gradually 
recovered  strength  and  was  able  to  resume  his  work  about  the  ranch  June  1.  This 
case  was  below  average  in  severity  for  cases  occurring  in  this  valley.  Of  special 
interest  in  connection  with  this  case  are  the  slow  pulse  and  repeated  chills. 

The  following  facts,  I believe,  are  unique  as  regards  the  theory  of  the  tick-bite 
origin  of  the  disease,  being,  so  far  as  I am  aware,  the  only  recorded  instance  in  which 
a tick,  after  having  bitten  a patient  suffering  from  “ spotted  fever  ” has  then  become 
detached  from  the  patient,  bitten  a second  person,  and  this  second  individual  thereby 
contracting  the  disease.  This  is  what  actually  occurred.  The  second  party  devel- 
oped the  disease  in  its  most  severe  type,  ending  in  death.  (See  p.  113.) 

On  May  29,  Mr.  C.  A. H.,  of  Bridger,  Mont.,  visited  the  Clarke  Fork  Canyon,  some  60 
miles  south  of  this  place.  He  remained  in  the  vicinity  of  the  canyon  about  4 da^’s 
and  while  there  Avas  bitten  in  5 or  6 places  by  ticks.  About  7 days  from  the  time  he 
was  first  bitten  by  the  ticks,  viz,  June  5,  he  arrived  at  his  home  in  Bridger,  at  which 
time  he  felt  the  first  symptoms  of  the  onset  of  the  disease.  When  he  arrived  home 
there  were  two  ticks  attached  to  his  body  which  of  their  own  accord,  or  from  friction 
of  the  clothes,  became  detached  from  the  body  on  June  6 and  then  bit  his  wife,  who, 
on  June  12 — that  is,  after  a period  of  incubation  of  6 days — developed  the  first  symp- 
toms which  marked  the  first  symptoms  of  the  disease.  The  petechiae  occurred  on  the 
3d  day.  The  following  is  a rather  meager  clinical  history  of  the  disease  as  it  occurred 
in  husband  and  wife. 

Case  15. — C.  A.  H.,  male,  age  46;  occupation,  stockman;  residence,  Bridger,  Mont. 

June  10:  The  patient  is  a large  man,  weighing  about  198  pounds;  has  indulged 
A^ery  freely  in  alcoholics  the  past  3 years;  has  neA’er  been  sick  excepting  2 years  ago, 
Avhen  he  had  smallpox.  On  the  legs  and  abdomen  are  the  marks  of  seA’eral  tick 
bites,  one  of  them  on  the  ankle  being  A^ery  tender  and  around  it  a dark,  bluish  spot. 
There  are  noAV  a number  of  small  petechial  spots  on  feet  and  hands,  this  being  the 
fourth  or  fifth  day  since  the  onset.  The  conjunctivae  are  congested,  temperature 
103f°  F.,  pulse  97.  He  complains  of  general  muscular  soreness,  severe  backache, 
headache,  and  of  being  Axry  tired  and  exhausted.  No  appetite  AvhateA^er.  BoAvels 
are  constipated,  urine  dark  and  shoAvs  a trace  of  albumen.  During  the  course  of  the 
disease,  Avhich  lasted  20  days  in  this  case,  the  dry  cough  Avas  most  troublesome. 
Nervous  symptoms  Avere  not  marked.  The  urine  was  much  lessened  at  times; 
besides  a slight  amount  of  albumen,  it  contained  numerous  blood  and  epithelial 
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casts.  The  spots  appeared  over  the  entire  surface,  being  large  and  irregular  on  the 
legs,  very  bright  red  at  the  height  of  the  disease,  fading  to  a brownish  pink  color  as 
the  fever  subsided.  Many  spots  were  yet  visible  6 weeks  after  the  temperature 
reached  normal.  Highest  temperature  observed  was  104.1°  F.  The  insomnia  in 
this  case  was  not  troublesome.  A severe  intercostal  neuralgia  occurred  during 
convalescence. 

Case  16. — Mrs.  G.  H.'  (wife  of  C.  A.  H.,  case  15),  age,  43;  housewife;  residence, 
Bridger,  Mont.  This  patient  is  a very  fleshy  wmman,  with  pendulous  abdomen.  She 
received  bites  from  two  ticks,  which  had  previously  bitten  case  15,  during  the  onset 
of  the  disease  in  that  case.  This  occurred  June  6.  One  tick  bit  this  patient  on  the 
abdomen  in  the  hypogastric  region;  the  other  on  the  leg.  The  bites  occurred  dur- 
ing the  night;  the  ticks  were  removed  and  killed  by  the  patient  the  following  morn- 
ing. Following  the  removal  of  the  ticks  she  applied  carbolic  acid  to  the  bites.  On 
the  evening  of  the  11th  she  felt  chilly,  feverish,  and  general  malaise.  The  morning 
of  the  12th  she  arose  as  usual,  but  had  a pronounced  rigor  and  such  severe  headache 
and  aching  in  limbs  and  back  as  to  compel  her  to  return  to  bed.  The  temperature 
that  evening  rose  to  104°  F.  During  the  first  12  days  of  the  disease  it  ranged 
between  102°  and  104,4°  F.,  for  5 days  keeping  close  to  the  104°  F.  mark.  After  the 
twelfth  day  of  the  disease  the  temperature  gradually  fell  and  the  eighteenth  day  it 
registered  97°  F.,  when  an  unfavorable  prognosis  was  given,  though  in  every  other 
way  the  patient  seemed  on  the  road  to  recovery.  The  following  four  days  the  tem- 
perature remained  about  normal. 

The  respirations,  early  in  the  course  of  the  disease,  reached  40  per  minute,  at 
which  rate  they  remained  until  the  last  week  of  the  disease.  Cheyne-Stokes  respir- 
ation was  observed  during  the  last  of  the  second  week,  some  cough,  but  not  so  much 
as  is  usually  observed.  The  heart  action  was  weak  from  the  first,  and  during  the 
second  and  third  weeks  became  very  weak  and  irregular,  with  very  low  arterial 
pressure.  The  rate  of  pulsation  varied  from  120  to  140  per  minute.  The  tongue, 
mouth,  and  pharynx  became  very  dry  early  in  the  disease.  No  vomiting  occurred, 
and  food  was  well  taken  at  all  times.  The  urine  became  very  scant  at  the  end  of  the 
first  week  and  contained  many  fatty,  blood,  and  epithelial  casts  and,  at  times,  some 
albumen.  By  the  end  of  thn  second  week  the  urine  had  increased  to  normal  amount 
and  was  free  from  albumen  and  casts.  The  intensity  with  which  the  disease  attacked 
the  nervous  system  was  marked  from  the  onset.  A low,  muttering  delirium  came 
on  during  first  week.  During  the  second  week  patient  was  in  heavy  stupor  from 
which  she  could  be  aroused  with  difficulty,  but  when  aroused  would  answer  ques- 
tions correctly  and  then  perhaps  talk  at  random.  The  condition  of  the  mind 
approached  the  normal  during  the  third  week.  The  eyes  were  very  sensitive  to 
light  and  very  much  congested.  The  petechise  commenced  to  appear  on  the  third 
day,  first  on  feet,  ankles,  hands,  and  wrists.  It  rapidly  spread  all  over  the  body 
and  was  very  thickly  distributed  on  the  back.  During  the  third  week  the  patient 
each  day  expressed  herself  as  feeling  better  than  on  the  day  previous.  The  temper- 
ature, after  having  reached  97°  F.,  became  normal.  The  respiration  was  easier  and 
all  symptoms  seemed  to  indicate  a beginning  convalescence.  On  the  twenty-second 
day  of  the  disease  the  patient  said  to  the  nurse,  “I  feel  a pain  around  my  heart.” 
The  nurse  turned  her  on  her  side,  in  which  position  she  seemed  to  rest  a few 
minutes  and  then  breathed  her  last. 

The  points  of  interest  in  this  case  were  mode  of  infection  (see  also,  p.  23);  high 
temperature  at  onset,  which  persisted;  rapid  breathing;  great  congestion  of  the  kid- 
neys; extreme  weakness  of  heart  action;  the  decided  effect  on  the  nervous  system; 
subnormal  temperature,  and  sudden  death  without  warning,  when  apparently  recov- 
ering from  the  disease. 
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No. 

case. 

Year. 

Date  on- 
set. 

Patient’s  { 
initials,  i 

Kesidence.  ^ 

Sex. 

Age. 

Occupation. 

Eruption  ap- 
peared. 

1 

1894 

June  ... 

G.  G 

Mversville,  Wvo 

Male  ... 

Yrs. 

5 

Second  or 

third  day. 

O 

1898 

May  24.. 

L.  M 

Thennopolis,  Wyo 

do  ... 

23 

Kanch  hand. 

Fourth  day. 

3 

1898 

June  ... 

D.tV 

do 

do  . . . 

47 

Freighter 

No  record  . . 

4 

1900 

April . . . 

7 miles  SE.  Bridger, 

do  . . . 

29 

Sheep  herder 

do 

Mont. 

5 

1900 

April  17. 

E.  G 

1 mile  SE.  Bridger, 

Female. 

6 

Fourth  day. 

Mont. 

6 

1900 

April  15. 

J.  A 

do 

Male  ... 

39 

Ranch  hand. 

Third  or 

fourth  day. 

1901 

May .... 

Shoshone  Kiver,  Wvo. 

52 

Ranchman . . 

No  record  .. 

8 

1902 

May  15.. 

W.  S 

South  of  Bridger, 

do ... 

31 

Trapper  

Fifth  day... 

Mont. 

9 

1902 

May .... 
May  9... 

A.  W 

Near  Bridger,  Mont . . 

7 miles  SW.  Bridger, 
Mont. 

Female . 

8 

No  record  . . 

10 

1903 

M.  H 

do ... 

67 

Nurse 

Sixth  day. . . 

11 

1903 

J une  21 . 

C.  B 

Sage  Creek.  25  miles 

Male  ... 

26 

Ranchman  . . 

Fifth  day. . . 

SE.  Bridger,  Mont. 

12 

19C3 

June  9.. 

H.  L 

5 miles  SE.  Bridger, 

Female. 

47 

Housewife. . . 

Fourth  day. 

Mont. 

13 

19C'3 

June  5.. 

W.  c 

10  miles  SW.  Bridger, 
Mont. 

Male  ... 

6 

No  record  . . 

14 

1904 

.\pril  18. 

C.  F.  P.... 

4 miles  SW.  Bridger, 

do ... 

41 

Ranchman . . 

Fourth  day. 

Mont. 

15 

1904 

June  5.. 

C.  A.  H... 

Bridger,  Mont 

— do  . . . 

46 

Stockman  ... 

Fifth  day 

16 

1904 

June  12. 

Mrs.  G.  H. 

do 

Female. 

43 

Housewife.. . 

Third  day . . 

17 

1904 

May  9... 

J.  N 

2 miles  N.  Bridger, 

Male  ... 

45 

Ranchman  . . 

Fourth  day. 

Mont. 

i 

Remarks. 


Date  of  tick  bite  and  location. 

Death  or  convalescence. 

No  history  of  bite,  but  was 

Convalescence  after  10  days.. 

much  exposed. 

do 

Convalescence  after  21  days.. 

do 

Convalescence  after  S^  weeks. 

Was  bitten,  date  not  known. . 

Was  in  bed  but  a few  days  . . . 

No  history  of  bite,  but  was 

Convalescence  after  — days. . 

out  among  the  sagebrush 
every  day, and  so  very  much 
exposed  to  ticks. 

Died  the  twenty-ninth  day 
of  the  disease. ' 

Bitten  on  leg 

Slow  recovery  after  4 weeks.. 

Bitten  several  places 

Recovery  after  18  days 

No  record;  exposed 

Did  not  remain  ill  in  bed  for 
2 weeks. 

Bitten  on  leg  and  thigh  May 

Died  on  eighth  day  of  the 

4 and  8. 

disease. 

Bitten  on  leg  June  15, 16,  and 

Recovery  after  22  days 

17. 

Bitten  several  places  during 

Slow  recovery  after  20  days  . . 

first  week  of  June. 

Bitten  on  back  of  head;  no 

Convalescent  twelfth  day 

date. 

Bitten  on  leg  April  11 

Recovery  after  12  days 

Several  bites  from  May  30  to 

Convalescent  twentv-second 

June  5 on  legs  and  abdo- 

day. 

men. 

Bitten  on  leg  and  abdomen 

Died  on  twentv-second  dav 

by  ticks  from  case  15. 

of  disease. 

No  record 

Convalescent  fifteenth  day. . . 

This  was  a very  mild  case,  as  is  always 
the  case  in  children,  so  far  as  my 
observations  go. 

A very  severe,  though  uncomplicated 
case.  The  petechiae  coalescing  to 
form  great  irregular  spots,  which 
could  still  be  seen  4 months  after 
recovery. 

This  man  did  not  call  a physician,  and 
took  no  medicine.  The  spots  were 
very  large  and  bright. 

This  man  came  to  the  office  with 
eruption  well  developed.  Was  not 
seen  again  by  me. 

Mild  case,  few  spots,  not  petechial  in 
character. 


This  is  the  most  severe  case  I have 
seen.  Spots  were  large  and  on  the 
legs  became  black  and  gangrenous 
before  death.  The  skin  on  the 
scrotum  was  also  gangrenous.  Very 
deep  stupor  for  10  days  before  death. 

Spots  could  be  seen  *4  months  after 
recovery.  Delirious  2 weeks. 

Severe  ease.  Endocarditis  as  sequela. 


Very  mild.  Slight  fever,  general 
malaise,  eruption  rose  color,  not 
petechial. 

Severe  parenchymatous  inflammation 
of  kidneys. 

Type  of  disease  severe.  No  after 
effects. 

Kidneys  suffered  especially. 


This  little  patient  was  seen  by  me  but 
once,  and  was  in  bed  about  8 or  10 
days. 

Disease  was  of  medium  severity. 
Pulse  never  above  70.  A greater 
part  of  the  time  it  was  64. 

Case  from  which  ticks  became  de- 
tached, and  then  bit  wife  of  patient, 
thereby  infecting  her. 

This  case  was  bitten  by  ticks  from  ease 
15,  Avhich  had  drawn  blood  from 
case  15  during  onset  of  disease. 

This  patient  is  much  given  to  drink, 
and  would  not  be  likely  to  know 
whether  or  not  a tick  had  bitten 
him.  This  case  was  certainly  as 
spotted  as  could  be. 
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A Possible  Case  of  ‘‘Spotted  Fevek”  ix  Utah,  by  R,  J.  Smith,  M.  D. 

[Personal  letter,  dated  May  22,  1904,  to  Dr.  Thonias  D.  Tuttle,  secretary  Montana  State  board  of 

health.]  ' 

I have  a case  that  looks  to  me  very  much  like  wood-tick  disease,  “spotted  fever.” 

The  patient,  female,  age  24,  was  visiting  in  Idaho,  where  within  2 miles  of  the 
place  she  was  visiting,  there  were  2 cases  of  “spotted  fever,”  but  I have  been 
unable  to  obtain  information  as  to  onset,  symptoms,  etc.  One  young  man  recovered, 
left  in  very  weak  condition. 

Ten  days  ago  this  patient  of  mine  was  bitten  in  four  places  by  2 ticks,  the  ticks 
penetrating  the  right  leg  below  the  knee. 

The  parts  became  very  painful  and  swollen  and  in  three  or  four  days  the  patient 
suddenly  became  very  ill,  severe  nausea,  intense  headache,  backache,  sore  muscles, 
pains  in  limbs;  could  not  sit  u]i  without  dizziness  and  nausea;  did  not  vomit. 

Her  mother  brought  her  home  on  Friday;  I was  called  Saturday,  21st,  and  found 
temperature  103.5°,  jmlse  92,  eyes  very  bright,  some  roseolous  spots  on  wrists,  arms, 
back,  abdomen,  ankles;  patient  very  nervous,  stiff  neck,  no  spinal  tenderness,  no 
hyperesthesia;  numb  all  over,  some  twitching  of  muscles  of  forearm  and  legs.  Tem- 
perature at  1.30  p.  m.,  103.5°;  4p.  m.,  103°;  10  p.  m.,  103°;  this  (Sunday) a. m.,  104°. 

Temperature  same  all  evening  and  night.  Bathing  had  no  effect.  When  face  was 
first  touched  with  cold  water  during  the  bathing  chill  came  on;  quite  severe.  Xo 
elevation  of  temperature  afterwards. 

This  morning  spots  all  over  body,  on  palms  and  soles;  not  papular  except  here  and 
there;  look  like  the  roseola  of  typhoid  fever;  no  pain,  no  nervousness,  slight  hacking 
cough,  nausea  completely  relieved,  no  tenderness  over  spine,  an  occasional  pain  in 
ankles,  muscles  without  stiffness,  neck  freely  movable,  eyes  very  bright,  urine  free; 
temperature  104,  pulse  98;  bowels  moved  freely;  slept  well,  no  opiates  used.  Gave 
cicutine  hydrobromate,  gi’ain,  every  hour  until  pain  and  stiffness  relieved  last 
evening — 4 doses  removed  pain,  etc. 

My  diagnosis  is  held  in  abeyance. 

BIBLIOGRAPHY. 

The  following  bibliography  contains  the  complete  medical  literature 
on  Rocky  Mountain  ‘hspotted  fever, so  far  as  it  is  known  to  me, 
except  for  certain  references  which  have  been  published  in  text-books 
and  based  upon  the  references  here  given. 
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libraiw  of  the  United  States  Department  of  Agriculture;  at  the 
Surgeon-Generars  library,  United  States  Army;  Lib.  Stiles,  in  my 
private  library  at  the  Hygienic  Laboratory,  United  States  Public 
Health  and  ]\Iarine-Hospital  Service. 

Altox,  R.  H.  [M.  D.,  Livingston,  Mont.] 

1905. — [Two  possible  cases  of  “spotted  fever”  at  Livingston  and  Gardiner, 
^Montana,  1904]  <Bull.  20,  Hyg.  Lab.,  L".  S.  Pub.  Health  & Mar.  Hosp.  Serv., 
tVash.,  pp.  110-111. 

Ameeicax  Medicixe. 

1902. — Strange  disease  induced  by  tick  bite.  [Xews  item.]  <Am.  Med., 
Phila.,  V.  4 (10),  Sept.  6,  p.  365.  [W%  5V“.] 

1902. — Spotted  fever  induced  by  tick  bite.  [Correction  of  p.  365.]  <Am. 
Med.,  Phila.,  v.  4 (13),  Sept.  27,  p.  485.  [W%  W“.] 
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Anderson,  John  F[leetezelle].  [Passed  Asst.  Siirg.,  U.  S.  Piib.  Health  & Mar. 
Hosp.  Service.]  [1871-.] 

1903a. — Spotted  fever  (tick  fever)  of  the  Rocky  ^Mountains:  A new  disease. 
[Preliminary  report  of  Anderson,  1903c.]  <Am.  Med.,  Phila.,  v.  6 (13),  Sept. 
26,  pp.  506-508.  [M"'^,  5V“.] 

1903b. — Idem.  Reprint.  9 pp.  8°.  Phila.  [Lib.  Stiles.] 

1903c. — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains;  A new  disease 
<Bull.  Id,  Hyg.  Lab.,  LL  S.  Pub.  Health  & Mar.  Hosp.  Serv. , AVash.  (July), 
Oct.,  pp.  1-44,  pis.  1-3,  2 unnumbered  pis.,  2 maps.  [AV‘‘,'\Y“,  Lib.  Stiles.] 
1903d. — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains.  [Review  of  Ander- 
son, 1903a.]  <Med.  Rec.,X.  Y.  (1717),  v.  64  (14),  Oct.  3,  p.  547.  [W%  AV“] 

1903e. — Idem.  [Review  of  Anderson,  1903a.]  <Y.  York,  M.  J.  (1297),  v.  78 

(51),  Oct.  10,  p.  724.  [AA^% 

1903f. — Sj^otted  fever  (tick  fever)  of  the  Rocky  Mountains:  A new  disease 
[Review  of  Anderson,  1903a.]  <[J.  Am.  M.  Ass.,  Chicago,  v.  41  (15),  Oct.  10, 
p.  929.  [W%  AV“.] 

1903g. — Spotted  fever  in  the  Rocky  Mountains.  [Review  of  Anderson,  1903c.] 
<[Brit.  M.  J.,  Loud.  (2237),  v.  2,  Yov.  14,  pp.  1291-1292.  [W%  AV“] 

1903h. — Spotted  fever  of  the  Rocky  Mountains.  [Abstr.  of  Anderson,  1903c.] 
<Med.  Rec.,  Y.  Y.  (1726),  v.  64  (23),  Dec.  5,  p.  898.  [AV%  AV“.] 

1903i. — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains.  [Review  of  Ander- 
son, 1903c,  by  F.  Mesnih]  <Bull.  de  I’lnst.  Pasteur,  Par.,  v.  1 (20),  15  dec., 
pp.  805-806.  [AA"“.] 

1903k. — Idem.  [Review  of  Anderson,  1903c.]  <Pub.  Health,  Phila.,  v.  8 (2), 
Dec.,  pp.  41-42.  [AV’L] 

1904a.  — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains.  A new  disease. 
[Review  of  Anderson,  1903c.]  <[Y.  York  M.  J.  (1322),  v.  79  (14),  Apr.  2, 

p.  669.  AA""\] 

1904b. — Tick  fever  [Review  of  Anderson,  1903c].  <Lancet,  Lond.  (4197),  v. 

166,  V.  1 (6),  Feb.  6,  p.  382.  [AA^%  W“.] 

1904c. — Spotted  fever  (tick  fever)  of  the  Rocky  Mountains.  [Review  of  Ander- 
son, 1903c,  by  AA'eber.]  <CCentralbl.  f.  Bakteriol.,  Parasitenk.  [etc.],  Jena, 
1 Abt.,  V.  35  (19-21),  22  Yov.,  Referate,  pp.  640-641.  [W“,  AA"^.] 

Ashburn,  Percy  M.  [Capt.,  Asst.  Surg.,  U.  S.  Army.]  [1872-.] 

1905. — [Clinical  notes  on  10  cases  of  Rocky  Mountain  “spotted  fever”  in  Bitter 
RootAMlley,  1904]  <Bull.  20,  Hyg.  Lab.,  H.  S.  Pub.  Health  & Mar.  Hosp. 
Serv.,  AA’’ash.,  pp.  100-110. 

Bowers,  L.  C.  [AI.  D.] 

1896. — [Observations  on  spotted  fever  in  Idaho.]  See  AA'ood,  AI.  AA".,  1906,  pp. 
63-64. 

Buckley,  John  Jay.  [AI.  D.,  Alissoula,  Alont.]  [1853-.] 

1905. — [Clinical  notes  on  two  cases  of  spotted  fever  in  Bitter  Root  AMlley,  1904] 
<Bull.  20,  Hyg.  Lab.  U.  S.  Pub.  Health  & Alar.-Hosp.  Service,  AA'ash.,  pp. 
100-101. 

Chowning,  AA'illiam  AIack.  [Jun.  demonstrator  in  path.,  Alinn.  State  University.] 
[1874-.]  /S'ee  AA^ilson  and  Chowning. 

Cobb,  Julius  0 [la].  [Surg.,  U.  S.  Pub.  Health  & Alar.  Hosp.  Serv.]  [1863-.] 

1902. — The  so-called  “ spotted  fever  ” of  the  Rocky  Alountains — A new  disease 
in  Bitter  Root  A^alley,  Alont.  [Letter  to  Surg. -Gen.  AA'yman,  dated  July  1.] 
<Pub.  Health  Reports,  L^.  S.  Pub.  Health  & Alar.  Hosp.  Serv.,  AA^ash.,  v.  17 
(33),  Aug.  15,  pp.  1866-1870.  [AA"%  AA"“,  Lib.  Stiles.] 

CoLLisTER,  George.  [AI.  D.] 

1896. — [Observations  on  “spotted  fever”  in  Idaho.]  See  AA'ood,  AI.  AA".,  1896, 
pp.  62-63. 


118 


Dubois,  J.  K.  [M.  D.] 

1896. — [Observations  on  “‘spotted  fever”  in  Idaho.]  Wood.  M.  W..  1896, 
p.  64. 

Faiechild,  E.  M.  [M.  D.] 

1896. — [Observations  bn  “spotte<I  fever”  in  Idaho.]  Woods  M.  W.,  1896, 

p.  62. 

Figgivs,  D.  W.  [M.  D.] 

1896. — [Observations  on  “spotted  fever”  in  Idaho.]  .See  Wood,  M.  W.,  1896, 
p.  64. 

Gates,  Leaioxt  Addison.  [M.  D.,  Bridger,  Mont.]  [1873-.] 

IhOSa. — A report  of  two  cases  of  “spotted  fever”  <Bull.  14,  Hyg.  Lab.,  V.  S. 
Pub.  Health  Mar.  Hosp.  Serv.,  Wash.  (July),  Oct.,  pp.  48-bO.  [W%  W“, 

Lib.  Stiles.] 

1905. — A clinical  report  of  four  cases  of  “ piroplasmosis  hominis,”  with  table  of 
seventeen  cases  seen  by  the  author  <Bnll.  20,  Hyg.  Lab.,  U.  S.  Pnb.  Health 
A Mar.  Hosp.  Serv.,  Wash.,  pp.  111-115. 

Gwinn,  Eussel.  [M.  D.,  Missoula,  Mont.]  [1863-.] 

1902. — The  so-called  “spotted  fever.”  [Eead  before  State  Med.  Soc.  Montana. 

Anaconda,  May,  1902.]  <The  Missouhan.  [Lib.  Stiles.] 

1905. — Eeport  on  case  of  spotted  fever  in  1904  <Bull.  20,  Hyg.  Lab.,  L'.  S.  Pub. 
Health  & Mar.  Hosp.  Serv.,  Wash.,  pp.  106-107. 

Heidingsfeld,  M.  L.  [M.  D.,  Cincinnati,  Ohio.] 

1904.  — Spotted  fever.  [Editorial.]  <Lancet-Clinic,  Cincin.  (92),  n.  s.,  v.  53 

(20),  Xov.  12,  pp.  492-493.  [W“] 

Howaed,  James  William  [M.  D.,  Hamilton,  Mont.]  [1842-.] 

1905.  — Eeport  of  a case  of  so-called  “spotted  fever,”  at  Hamilton,  1904  <Bull. 
20,  Hyg.  Lab.,  V.  S.  Pub.  Health  A Mar.  Hosp.  Serv.,  Wash.,  pp.  104-105, 

Maxey,  Edwaed  E.  [M.  D.,  Boise,  Idaho,  Secy  Idaho  State  Med.  Soc.]  [1867-.] 
1899. — Some  observations  on  the  so-called  “spotted  fever”  of  Idaho  <Med. 
Sentinel,  Portland,  Oreg.,  v.  7 (10),  Oct.,  pp.  43:3-438.  [W“.] 

McCullough,  George  Thomas  [M.  D.,  Missoula,  Montana.]  [1858-.] 

1902. — Spotted  fever.  [Eead  before  Montana  Med.  Soc.,  Anaconda,  May  21', 
1902.]  <Med.  Sentinel,  Portland,  Oreg.,  v.  10  (7),  July,  pp.  225-228.  [W“.] 

Medical  Sentinel. 

1899. — The  so-called  ‘ * spotted  fever  ” of  Idaho.  [Editorial.]  <[Med.  Sentinel, 
Portland,  Oreg.,  v.  7 (10),  Oct.,  pp.  456-458.  [W“.] 

Minshlall,  SAiiuEL  Whitem.cn  [M.  D.,  Missoula,  Mont.]  [1858-.] 

1905. — [Hotes  on  a case  of  “spotted  fever”  in  Bitter  Eoot  Valley  in  1904] 
<Bull.  20,  Hyg.  Lab.,  L'.  S.  Pub.  Health  lN  Mar.  Hosp.  Serv.,  Wash.,  pp.  105-106. 
PixLEY,  Charles.  [M.  D.,  health  officer,  Missoula,  blont.]  [1869-.] 

1905. — Eeport  of  a case  of  so-called  “spotted  fever”  in  1904  <Bull.  20,  Hyg. 
Lab.,  L’.  S.  Pub.  Health  A Mar.  Hosp.  Serv.,  Wash.,  pp.  103-104. 

Springer,  W.  D.  [bl.  D.] 

1896. — [Observations  of  “spotted  fever”  in  Idaho.]  Wood,  M.  W.,  1896, 

pp.  61-62. 

Stiles,  Charles  Wardell.  [Chief  of  Division  of  Zoology,  Hygienic  Laboratory, 
U.  S.  Pub.  Health  A Mar.  Hosp.  SeiA-.]  [1867-.] 

1904. — Prehminary  report  upon  a zoological  investigation  into  the  cause,  trans- 
mission, and  source  of  the  so-called  “spotted  fever”  of  the  Eocky  Mountains. 
[Letter  to  Surg.  Gen.  Wyman,  dated  July  22.]  c^Pub,  Health  Eep.,  LL  S. 
Pub.  Health  A Mar.  Hosp.  Serv.,  Wash.,  v.  19  (34),  Aug.  19,  pp.  1649-1650. 
[W%  W“,  Lib.  Stiles.] 

1904. — Idem.  [Preliminary  report.]  <[Eep.  Surg.  Gen.,  U.  S.  Pub.  Health  A 
Mar.  Hosp.  Serv.,  Wash.  [1904],  pp.  362-363. 
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Stiles,  Charles  Wardell — Continued. 

1905. — Zoological  pitfalls  for  the  pathologist.  [Middleton  Goldsmith  lecture, 
Nov.  30,  1904]  <Proc.  N.  York  Path.  Soc.,  pp.  1-21. 

1905. — A zoological  investigation  into  the  cause,  transmission,  and  source  of 
Rocky  Mountain  spotted  fever  <[Bull.  20,  Hyg.  Lab.,  IT.  S.  Pub.  Health  & 
Mar.  Hosp.  Serv.,  Wash.,  121  pp. 

Sweet,  C.  H.  [M.  D.,  President,  Idaho  State  Med.  Society.] 

1896. — [Observations  on  “spotted  fever”  in  Idaho.]  See  M^oon,  M.  5V.,  1896, 

p.  61. 

WiLsox,  Louis  Blanchard.  [Asst.  Bacteriolog.  Minnesota  State  Board  of  Health.] 
[1866-.]  See  Wilson  and  Chowning. 

Wilson,  Louis  B.,  and  Chowning,  William  M. 

1902a. — The  so-called  “spotted  fever”  of  the  Rocky  Mountains.  A preliminary 
report  to  the  Montana  State  Board  of  Health  <J.  Am.  M.  Ass.,  Chicago, 
V.  39  (3),  July  19,  pp.  131-136.  [MS.  dated  July  1,  1902.]  [W%  "W™.] 

1902b. — Idem.  Reprint.  18  pp.  8°.  Chicago.  [Lib.  Stiles.] 

1902c. — Spotted  fever  of  Montana  <Med.  Sentinel,  Portland,  Oreg.,  v.  10  (7), 
July,  pp.  238-239.  [W-“.] 

1902d. — Spotted  fever  of  the  Rocky  Mountains.  [Review  of  'Wilson  and 
Chowning,  1902a.]  <^Lancet,  Lond.,  (4121),  v.  2 (8),  Aug.  23,  p.  519. 
[W%  W'L] 

1903a. — [Report  on  the  investigation  of  so-called  spotted  fever.]  <(lst.  Rept. 
Montana  St.  Bd.  of  Health  [etc.,  Helena  [Feb.  27],  pp.  26-91,  1 map,  4 charts, 
pis.  1-3.  [MS.  dated  Dec.  31,  1902.]  [Lib.  Stiles.] 

1903b. — [Abstract  of  Wilson  and  Chowning,  1903a.]  <7 8th  Rep.  Bureau  Agric., 

Labor,  and  Industry,  Montana,  Helena  (1902),  pp.  208-211.  [W*'.] 

1903c. — “Spotted  fever”  des  Montagues  Rocheuses.  [Review  of  Wilson  and 
Chowning.  1903a,  by  F.  Mesnil.]  <Bull.  de  I’lnst.  Pasteur,  Par.,  v.  1 (20),  15 
dec.^  pp.  803-805.  *^[W%  AV"‘.] 

1904a. — Studies  in  pyroplasmosis  hominis  ( “spotted  fever”  or  “tick  fever”  of  the 
Rocky  Mountains.)  <J.  Infect.  Dis.,  Chicago,  v.  1 (1),  Jan.  2,  pp.  31-57.  pis. 
1-2,  1 map,  1 chart.  [MS.  dated  Oct.  15,  1903.]  [W"\] 

1904b.— Idem.  Reprint.  Pp.  31-57,  pis.  1-2,  1 map,  1 chart.  [Lib.  Stiles.] 
Wood,  M.  W.  [Deputy  Surg.  Gen.  (Retired),  U.  S.  Army,  Boise,  Idaho.] 

1896. — Spotted  fever  as  reported  from  Idaho  <Rep.  Surg.  Gen.  Army,  Wash., 
pp.  60-65.  [W“.] 

ZiPF,  H.  [M.  D.] 

1896. — [Observations  on  “spotted  fever”  in  Idaho.]  See  Wood,  M.  W.,  1896, 
p.  65. 
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PREFACE. 


The  object  of  this  bulletin  is  to  describe  the  methods  b}"  which  the 
immunity  unit  for  measuring  the  strength  of  diphtheria  antitoxin  is 
obtained,  and  the  principles  involved. 

The  unit  is  based  on  the  one  established  by  Ehrlich,  and  has  been 
made  by  comparison  with  the  normal  serum  sent  to  this  laboratory 
by  the  Kgl.  Pr.  Institut  fiir  experimentelle  Therapie,  Frankfurt  a. 
M.,  Germany. 

On  account  of  the  technical  difficulties  met  in  testing  the  strength 
of  diphtheria  antitoxin,  and  the  intricate  composition  of  the  diphtheria 
poison,  as  w^ell  as  the  peculiar  chemical  relations  existing  between  the 
toxine  and  the  antitoxin,  it  has  been  necessaiw  to  enter  into  the  many 
details  of  every  portion  of  the  process  in  order  that  those  who  use 
this  standard  may  do  so  under  the  same  conditions.  Otherwise  com- 
parable results  would  not  be  obtained. 

In  such  an  apparent!}"  simple  procedure  as  measuring  two  pieces  of 
metal,  as  is  done  in  duplicating  the  standard  meter  and  yard,  the 
greatest  attention  to  many  details  must  be  observed.  It  can  there- 
fore be  well  understood  how  important  it  is,  in  comparing  a standard 
based  upon  the  physiological  action  of  a mixture  of  two  complicated 
organic  substances,  not  to  neglect  the  smallest  detail  that  would  insure 
accuracy. 

As  the  unit  made  in  the  Hygienic  Laboratory,  U.  8.  Public  Health 
and  Marine-Hospital  Service,  is  the  legal  unit  for  this  country,  the 
methods  by  which  it  is  produced,  as  described  in  this  bulletin,  may  be 
taken  as  official. 

All  standards  are  fundamentally  arbitrary  quantities.  If  all  the 
meter  bars  or  yardsticks  w^ere  lost  it  would  be  difficult  if  not  impos- 
sible to  produce  others  having  the  exact  lengths  of  the  originals,  which 
are  therefore  guarded  against  harm  under  conditions  of  uniform 
temperature,  etc.,  to  prevent  changes  in  length. 

The  antidiphtheritic  serum  that  has  been  carefully  standardized  and 
is  used  as  the  unit  of  strength  for  the  measurement  of  diphtheria 
antitoxin  is  similarly  kept  under  strict  conditions  of  light,  heat,  mois- 
ture, etc.,  in  the  Hygienic  Laboratory,  U.  S.  Public  Health  and 
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Marine-Hospital  Service.  From  time  to  time  duplicates  of  this  serum 
will  be  made  to  o-uard  acfainst  deterioration  or  accident  to  the  oriodnal. 

This  standard  serum  is  preserved  in  small  tubes.  Every  two  mouths 
one  of  these  tubes  is  opened,  tested,  and  distributed  to  the  licensed 
manufacturers  and  others  who  are  working-  in  this  line. 

The  particular  object  of  this  standard  is  to  insure  the  strength  of 
antidiphtheritic  serum  sold  in  the  United  States  by  licensed  manu- 
facturers. 

In  accordance  with  the  act  of  Congress  approved  July  1,  1902.  no 
one  is  allowed  to  engage  in  interstate  traffic  in  antitoxin  without  a 
license  issued  by  the  Secretary  of  the  Treasury  on  recommendation  of 
the  Surg*eon-General  of  the  Public  Health  and  Marine-Hospital  Serv- 
ice. This  license  is  issued  only  after  a careful  inspection  of  the  estab- 
lishment. its  methods  of  manufacture,  and  an  examination  of  its  prod- 
ucts for  purity  and  potency  at  the  hygienic  laboratory  of  this  .Service. 

The  strength  of  diphtheria  antitoxin  is  expressed  in  units.  As  the 
question  has  often  been  asked.  AYhat  is  the  unit  for  this  country  ? it 
became  the  duty  of  the  Public  Health  and  Marine-Hospital  Service 
to  establish  and  maintain  a standard  of  measurement  in  order  to  bring 
about  uniformitv  among  American  manufacturers.  There  is  also  the 
advantage  of  guaranteeing  to  physicians  and  patients  using  this  won- 
derful specific  remedy  for  diphtheria  the  fact  that  they  are  employing 
a remedy  of  sufficient  strength  to  protect  or  cure.  MTak  serums 
have  been  shown  to  be  practically  useless. 

The  verv  unfavorable  results  obtained  in  England  in  1895  in  the 
handliog  of  diphtheria  with  serum  were  due.  according  to  the  report 
of  the  Lancet  Commission  (Lancet.  July  19.  1896).  in  a great  majority 
of  cases  to  the  use  of  serums  too  weak  to  produce  therapeutic  residts. 

Experimental  researches,  for  example,  the  very  careful  work  of 
Madsen,  in  Copenhagen.  1896.  showed  that  for  therapeutic  purposes 
weak  serum  is  of  very  little  value. 

The  fact  need  not  be  emphasized,  as  Ehrlich  pointed  out  long  ago, 
that  for  the  whole  question  of  the  cure  and  prophylaxis  of  dipththeria 
by  a serum  therapy,  as  well  as  for  the  purposes  of  scientific  investig*a- 
tion.  it  is  important  to  use  an  antitoxin  whose  value  has  been  definitely 
ascertained.  , 
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THE  IMMUNITY  UNIT  FOR  STANDARDIZING 
DIPHTHERIA  ANTITOXIN. 

[Based  on  Ehrlich’s  normal  serum.  Official  standard  prepared  under  the  act  approved  July  1,  1902.] 


By  Milton  J.»  Rosenau, 

Passed  Assistant  Surgeoji,  Director  Hygienic  Laboratory , Public  Health  and  Marine- 

Hospital  Service. 


EHRLICH’S  SIDE-CHAIN  THEORY  OF  IMMUNITY. 

Ehrlich^s^*'  side-chain  theoiy  is  a brilliant  chemical  conception,  giv- 
ing the  onl}^  satisfactoiy  explanation  of  many  of  the  phenomena  con- 
cerned in  immunity.  In  one  sense  it  has  been  likened  to  Weigert’s 
teachings  of  inflammation  and  the  process  of  repair  in  so  far  that  cog- 
nizance is  taken  of  nature’s  prodigality.  For  instance,  a much  larger 
amount  of  material  is  thrown  out  than  necessary  to  repair  a wound. 
So,  too,  in  antitoxic  immunity  a much  larger  amount  of  antitoxin  is 
produced  than  necessary  to  neutralize  the  toxine. 

In  Ehrlich’s  conception  the  fundamental  processes  of  immunity 
reside  in  the  cells  of  the  bod}L  These  cells  are  attacked  by  the  poison 
and  if  not  destiwed  are  stimulated  into  the  overproduction  of  “anti- 
bodies” capable  of  combining  with  and  neutralizing  the  poison. 

Just  what  cells  of^  the  bod}^  play  the  most  important  role  in  the 
production  of  immunity  is  not  exactly  clear.  It  may  be,  as  Ehrlich 
supposes,  that  this  power  resides  in  any  organ  or  tissue. 

In  Metchnikofi’s^  theory  of  phagocytosis  the  free  ameboid  cells  of 
the  body  play  the  all-important  role.  It  is  the  macrophages  and 
microphages  seeking  food  that  engulf  and  destro}^  the  bacteria.  In 
the  process  of  digesting  the  bacteria  the  cell  secretes  the  enzymelike 
substance  which  has  the  power  of  neutralizing  the  bacterial  poisons. 

It  is  surprising  that  the  nutrition  and  metabolism  of  the  cell  lie  at 
the  foundation  of  two  such  divergent  theories  as  Metchnikolf’s  and 
Ehrlich’s. 

Ehrlich:  Die  wertberoessung  des  diphtherieheilsenims  und  deren  theoretische 
grundlagen.  Klin,  jahrb.,  Jena,  v.  6 (2),  1897,  pp.  299-326. 

TJeber  die  constitution  des  diphtheriegiftes.  Dent.  med.  woch.,  Leipzig;  v. 

24  (38),  1898,  pp.  597-600. 

Croonian  lecture.  On  immunity  with  special  reference  to  cell  life.  Proc. 

roy.  soc.,  London,  v.  66,  pp.  424-448,  pis.  6-7. 

& Metchnikoff,  Elie:  L’immunite  dans  les  maladies  infectieuses.  Paris,  1901.  45 
figs.,  600  pp. 


(11) 


12 


According  to  the  former  it  is  the  physical  movements  of  the  ame- 
boid cell  searching  for  food  which,  by  a process  known  as  phagoc}"tosis, 
takes  the  bacteria  into  its  protoplasm,  forms  a digestive  vacuole 
around  it,  and  then  excretes  the  enzymelike  substances  (cytase^)  use- 
ful in  protecting  the  organism  against  the  soluble  poison  of  the 
bacteria. 


According  to  Ehrlich  the  hungry  protoplasm  of  any  cell,  with  its 
complicated  molecule  having  side  chains  of  various  combining  affini- 
ties ready  to  unite  with  suitable  food  molecules  brought  to  it  by  the 
blood  and  body  juices,  lies  at  the  foundation  of  his  explanation  of  the 
chemical  production  of  the  antitoxin.  It  is  strange  that  the  same 
combining  affinity  should  exist  between  the  protoplasm  of  the  cell  and 
the  proteid  molecules  that  furnish  it  food  as  between  the  cell  proto- 
plasm and  the  toxines^  of  the  bacterial  poisons. 

In  considering  Ehrlich's^  side-chain  theory  it  is  necessary  to  disre- 
gard the  microscopic  structure  of  the  cell  and  to  think  of  the  proto- 
plasm as  consisting  of  living  molecules  of  extraordinary  chemical 
complexit3^  The  molecule  of  protoplasm  has  a central  ‘Amcleus’’ 
with  ‘’side  chains,'-  ** lateral  chains.''  or  ‘"bonds"  of  varying  combin- 
ing  capacities.  These  ‘'side  chains"  serve  to  bind  the  molecule  to 
other  molecules  having  proper  combining  affinities. 

This  arrangement  of  molecules  with  side  chains  is  a well-known 
occurrence  in  organic  compounds.  The  benzol  ring  forms  one  of  the 
best  and  simplest  examples. 
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Benzol  CgHg 

Metacresol  CgH^  (CH3)  (OH) 

Pyrogallic  acid  CgHg  (OH) 

« ]\Iacrocytase,  microcytase,  philocytase. 

^ I have  made  a distinction  in  this  bulletin  between  “ toxine”  and  toxin.’’ 

Some  confusion  arises  in  the  literature  for  want  of  two  words  to  represent  two 
separate  substances.  The  diphtheria  poison  contained  in  the  toxic  broth  was  first 
called  “toxine,”  usually  “toxin.”  It  is  now  often  spoken  of  as  the  “diphtheria 
poison.”  This  filtered  broth,  containing  a number  of  poisonous  substances,  I have 
called  the  toxine. 

I have  restricted  the  name  toxin  ” to  the  most  important  constituent  of  the 
toxine.  The  toxin,  as  will  be  found  later,  is  only  one  of  several  allied  poisons  found 
in  the  toxine. 

c Ehrlich : Die  wertbemessung  des  diphtherieheilserums  und  deren  theoretische 
grundlagen.  Klin,  jahrb.,  Jena,  v.  6 (2),  1897,  pp.  299-326. 


By  replacing  one  of  the  H atoms  in  the  l)enzol  ring  with  the  methyl 
radical  (CHg)  we  have  toluol;  replacing  one  of  the  H atoms  with 
the  hydroxyl  group  (OH)  we  have  phenol;  by  substituting  two 
hydroxyl  groups  we  have  resorcin,  etc. ; three,  pyrogallic  acid,  etc. ; 
by  substituting  one  hydrogen  atom  of  the  ring 
with  the  hydrox}d  radical  and  another  one  witii 
the  methyl  radical  we  have  the  cresols. 

These  simple  illustrations  from  well  known 
organic  compounds  illustrate  the  central  mole- 
cular mass  of  atoms  with  its  side  chains  and 
combining  alEnities,  to  which  the  molecule  of 
protoplasm  is  likened. 

In  applying  this  analogy  to  the  molecule  of 
protoplasm  the  name  receptor”  is  given  these 
side  chains,  or  secondaiy  atomic  complexes  of 
the  molecular  group.  Contraiy  to  the  simple 
analogies  above  given  each  molecule  of  proto- 
plasm has  maiy^  different  kinds  of  receptors,  as 
shown  by  the  schematic  diagram  in  fig.  \a.  These  receptors  have  a 
specific  affinity  for  the  molecules  of  food,  and  also  combine  with  the 
toxic  molecules. 


Fig.  la* — The  cell  with  its 
various  combining  groups 
or  side  chains,  known  as 
receptors.  Various  toxines 
are  shown  having  specific 
affinity  for  the  proper 
shaped  receptors. 


The  toxi?i  molecule,  according  to  Ehilich,  consists  of  two  important 
parts.  One  is  known  as  the  toxophore  group ^ the  other  as  the  liapto- 
phore  group). 

The  toxop)hore  group  of  the  toxin  is  that  portion  of  the  molecule 
which  exerts  a poisonous  effect  upon  the  protoplasm  of  the  cell.  This 

group  is  less  stable  than  the  haptophore 
group. 

The  haptop)hore  group)  is  the  seizing  or 
combining  portion  of  the  toxin  molecule 
{anroD^  to  seize  or  attack).  The  hapto- 
phore group  of  the  toxins  have  specific 
combining  affinities  for  the  receptors  of 
certain  cells,  which  in  part  explains  the 
selective  action  of  these  poisons. 

Toxines,  such  as  diphtheria  toxine, 
graduall}^  diminish  in  toxiciHg  but  retain 
the  same  power  of  chemical  combination  with  the  antitoxin.  This 
phenomenon  is  explained  by  the  formation  of  toxoids. 

Ehrlich  inferred  the  presence  of  the  toxoid  from  the  following  sim- 
ple experiment:  He  had  a toxine  which  required  0.003  c.  c.  to  kill  a 
guinea  pig.  After  nine  months  this  poison  weakened,  so  that  it 


Wo.pt'opln 

(^roup 


or<L 


To)(,ophore 


Fig.  lb. — The  to.nn  molecule;  showing 
the  haptophore  (combining)  group, 
and  the  toxophore  (poison)  group. 


* Foot  Note. — Fig.  la-i. — Diagrammatic  representation  of  Ehrlich’s  side  chain  theory  of  immunity 
(Croonian  Lecture,  Proc.  Royal  Society  of  London,  vol.  66,  1900,  p.  437). 
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required  three  times  as  much;  that  is,  0.009  c.  c.  to  kill  a guinea  pig. 
Nevertheless,  the  combining  power  of  the  toxine  for  antitoxin  remained 

the  same. 

Toxoids  are  altered  toxins.  They  consist  of  the 
toxic  molecule  in  which  the  toxophore  group  has 
been  destroyed,  leaving  onl}-  the  haptophore  or 
combining  group,  which  while  able  to  satisf^^  the 
combining'  affinities  of  the  antitoxin  is  no  longer 
able  to  poison  the  protoplasm  of  the  cell. 

The  diphtheria  bacillus,  during  the  process  of  its 
growth  ^lnd  multiplication  in  the  body  or  in  an 
artificial  culture  medium,  produces  several  poisons, 
one  of  which  is  known  as  the  diphtheria  toxin.  As  above  stated,  the 
diphtheria  toxin  consists  of  a toxophore  and  haptophore  group.  In 
the  bod}"  the  latter  unites  chemically  with  the 
receptors  of  the  cells.  T\ffien  this  takes  place 
one  of  two  consequences  may  result:  Either  (1) 
the  cell  is  so  severely  poisoned  that  it  dies,  or 
(2)  the  living  molecule  of  protoplasm  is  stimu- 
lated so  as  to  excite  a defensive  action  by  the 
reproduction  of  the  receptors.  Continued  stim- 
ulation produced  by  the  periodical  injection  of 
toxine  results  in  an  over  production  of  recep- 
tors which  finally  loosen  and  float  free  in  the 
blood  serum  and  body  juices. 

Antitoxin  consists  of  these  free  receptors 
floating  in  the  blood  serum.  If  now  we  introduce  a liquid  containing  , 
the  toxin  into  the  blood,  it  is  immediately  neutralized  by  combin- 
ing with  the  free  receptors  through  its  hapto- 
phore group.  All  the  combining  affinities  of 
the  toxin  are  thus  satisfied  or  saturated,  so  that 
the  toxin  is  no  lono'er  able  to  unite  with  the 
receptors  still  attached  to  the  cell,  and  this 
poison  is  thus  rendered  harmless. 

It  is  of  the  greatest  practical  importance  to 
know  from  what  organs  or  tissues  the  receptors 
derive  their  origin. 

It  is  by  no  means  a necessary  corollary  of 
the  side  chain  theory,  as  is  often  supposed, 
that  the  receptors  are  found  only  in  those  organs  upon  which  the 
poisonous  efiects  of  a toxine  are  particularly  manifested.  On  the 
contrary,  Ehrlich  and  Morgenroth^^  believe  that  receptors  capable  of 

«Erhlich,  P.,  & Morgenroth,  J. : tVirkung  und  entstehung  der  aktiven  stoffe  im 
serum  nach  der  seitenkettentheorie.  Handbuch  der  pathogen  mikroorganismen, 
W.  Kolle  and  A.  Wassermann,  Jena,  1904. 


Fig.  le.— Third  stage;  the  re- 
ceptors beginning  to  leave 
the  cell. 


continued  stimulation  causes 
a reproduction  of  receptors. 


antitoxin  formation;  a 
fo.rmmolecule  anchored 
to  a receptor. 
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Fig.  If. — Fourth  stage;  there, 
ceptors  have  left  the  cell  and 
float  free  in  the  blood  = anti- 
toxin. 


combining  with  the  toxine  are  produced  in  many  different  parts  < f the 
body,  especially  in  tissues  and  oi’gans  having  the  power  of  anchoring 
the  toxine  without  causing  serious  poisonous  effects. 

The  connective  tissue  is  believed  to  be  especially  rich  in  receptors, 
evidenced  by  the  local  reaction  caused  by  the  subcutaneous  inoculation 
of  diphtheria  toxine,  ricin,  abrin,  and  similar 
poisons.  In  fact,  one  would  not  be  far  wrong- 
in  assigning  a particular  significance,  in  the 
production  of  receptors,  to  just  those  organs 
which  show  unimportant  vital  response,  because 
in  such  tissues  the  injurious  effects  of  the  toxo- 
phore  group  are  absent  or  of  such  diminished 
importance  that  the  regenerative  powers  of  such 
tissues  are  not  retarded. 

The  presence  or  absence  of  receptors  capable 
of  binding  the  toxine,  as  well  as  their  number 
and  distribution,  are  factors  which  determine 

the  susceptibility  of  different  species  of  animals  against  the  various 
toxines.  These  factors  also  determine  the  individual  variations  in  the 
susceptibility  to  poisons  and  further  explain  the  instances  of  natural 
immunity  to  toxines. 

An  example  is  given  by  Sachs,^^  who  studied  the  reaction  of  guinea- 
pig  blood  against  “ arachnolysin,”  a toxine  found  in  spiders.  In  this 
case  the  complete  immunit}"  of  the  red  blood  cells  of  the  guinea  pig 
against  arachnol3^sin  is  accounted  for  hy  the  entire  absence  of  the 
proper  receptors,  while  the  susceptibilit}^  of  the  red  blood  cells  of  the 

rabbit  to  veiy  small  quantities  of  this  poison 
is  accounted  for  b}^  the  strong  combining  affin- 
ity which  exists  between  these  cells  of  the 
rabbit  and  the  arachnol}^sin. 

In  some  cases  the  production  of  receptors 
may  apparentl^^  be  traced  in  the  development 
of  certain  species.  Cannus  and  Gley^  have 
followed  the  development  (?)  of  the  receptors 
in  the  red  blood  cells  of  the  rabbit  toward 
the  hemolysin  found  in  eel  serum.  Young- 
rabbits  are  much  less  susceptible  to  this  poison 
than  adult  rabbits,  which  is  accounted  for  by 
Ehrlich  as  being  due  to  a gradual  develop- 
ment of  the  receptors  having*  proper  combining  affinities  for  the 
hemolysin  found  in  the  eel  serum. 

The  union  between  the  receptor  of  the  cell  and  its  poison  is  not 
always  a direct  one,  as  described  above,  but  sometimes  takes  place 


Fig.  1</.— The  neutralization  of 
a to.nn  by  antitoxin;  the  free 
receptors  in  the  blood  have 
united  with  the  to.xm  = anti- 
toxic immunity. 


« Sachs,  Hans:  Hofmeisters  Beitr.,  bd.  2,  h.  1-3.  ^ Quoted  by  Ehrlich,  loc.  cit. 
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through  the  intervention  of  a second  body,  known  A^arionsl}^  as  the 
amboceptor,  zwichenkorper,  immune  body,  sensitizer,  fixative,  pre- 
parative, desmon,  etc. 

This  order  of  immunity  is  particularly  evident  in  the 
poisons  that  have  a lytic  or  dissolving  action  upon  bac- 
teria or  the  .cells  of  the  body,  such  as  the  bacteriolysins, 
hemolysins,  and  other  cytolysins.  These  poisonous, 
bodies  are  believed  by  Buchner  to  be  a ferment,  and 
are  usually  spoken  of  as  the  “ complement,”  but  also  as 
the  ‘"alexin”  (Buchner)  or  ‘‘cytase”  (Metchnikofl). 

One  of  the  remarkable  facts  connected  with  the  phe- 
nomena of  the  lytic  poisons  is  that  the  poison  itself, 
fjg.  u;.— Thesec-  ^^gi^allv  Called  the  Complement,  is  normallv  present  in 

ond  order  of  rmmu-  ^ 

nity,  showing  the  the  blood.  The  Complement  has  less  resistance  to  heat 

complement  and  the  intermediary  bodv,  and  is  therefore  spoken  of 

immune  body.  . , . 

as  being  thermolabile. 

According  to  Ehrlich’s  theoiw,  immunity  can  011I3"  be  obtained 
against  the  intermediaiy  body,  which  is  believed  to  be  specific.  This 
intermediaiy  body  has  a greater  resistance  to  heat  than  the  comple- 
ment; that  is,  it  is  relatively  thermostabile. 

Ehrlich  compares  the  intermediary  bod}^  witli  diazo-benzaldehyde, 
which  bv  means  of  its  diazo  group  is  capable  of  combining  with  a 
series  of  bodies,  such  as  aromatic  amins,.  phenols,  keto-methjT  bodies, 
etc. , while  by  means  of  its  aldehyde  group  it  may 
combine  with  a different  series,  such  as  the  hy- 
drazins,  ammonia  radicals,  and  h3^droc3^anic  acid. 

Phenol  and  h3Tlroc3^anic  acid  will  not  directly 
combine,  but  with  diazo-benzaldeh3^de  acting  as 
an  intermediarv  bodv,  these  two  substances  can 
be  brought  into  combination.  Pushing  this  com- 
parison further,  we  ma3"  say  that  the  aromatic 
])od3%  or  the  phenol,  represents  a constituent  of 
the  b#od  corpuscle.  The  diazo-benzaldeh3Tle  is 
the  intermediaiy  bod3",  while  the  poisonous  hy- 
drocyanic acid  constitutes  the  complement.^'' 

Welch*  veiy  ingeniousW  extended  Ehrlich’s 
conception  of  immunity  to  the  bacterial  cell. 

According  to  Welch’s  views  the  bacterial  cell  has  the  same  power  of 
defensive  action  against  the  poisons  produced  b3"  the  cells  of  higher 
animals  that  they  have  against  the  toxic  products  of  the  bacteria. 

« Vaughan  and  Novy:  Cellular  toxins,  1902,  p.  131. 

^ Welch,  William  H.:  The  Huxley  lecture  on  recent  studies  of  immunity  with 
special  reference  to  their  bearing  on  pathology.  Bull.  Johns  Hopkins  Hosp.,  Balto.? 
V.  13,  (141),  Dec.,  1902,  pp.  285-299. 


Fig.  It. — The  third  order  of 
immunity,  showing  an  im- 
mune body  having  two 
aflBnities. 
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In  other  words,  there  is  a chemical  battle.  Both  the  bacterial  cell 

and  the  body  cell  excrete  poisonous  substances  against  each  other,  and 

both  in  .turn  are  building  up  a chemical  defense  against  the  action  of 

these  respective  poisons. 

/ 
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THE  IMMUNITY  UNIT. 


The  unit  for  measuring  the  strength  of  diphtheria  antitoxin  estab- 
lished by  Ehrlich  is  a measure  of  strength,  not  of  quantity. 

It  is  difficult  to  define  the  unit  in  a brief  sentence.  A proper 
understanding  of  it  may  only  be  had  from  a study  of  the  theoretical 
considerations  inyolyed. 

The  unit  may  be  defined  as  the  neutralizing  power  possessed  by  an 
arbitrary  quantity  of  diphtheria  antitoxic  serum  kept  under  special 
conditions  to  preyent  deterioration  in  an  authorized  laboratory. 

From  a theoretical  yiew  point  the  unit  may  be  defined  as  that  quan- 
tity of  diphtheria  antitoxic  serum  which  will  just  neutralize  200  mini- 
mal lethal  doses  of  a pure  poison.  By  a ‘*pure'’  poison  is  understood 
onq  containing  only  torcin.  and  no  toxoid,  toxone,  or  other  substances 
capable  of  uniting  with  the  antibodies. 

The  test  by  which  the  strength  of  antitoxin  contained  in  a unit  is 
measured  is  a physiological  one  and  depends  upon  the  neutralization 
of  the  toxine  by  the  antitoxin.  This  neutralization  can  only  be  deter- 
mined by  injecting  the  toxine  and  antitoxin  mixtures  into  guinea 
pigs,  which  animals  are  highly  susceptible  to  the  diphtheria  bacillus 
and  its  poisons. 

In  order  to  obtain  a fundamental  understanding  of  Ehrlich's  immunity 
unit  it  is  necessary  to  make  a study  of  the  nature  of  the  yarious 
poisonous  substances  which  are  present  in  the  diphtheria  toxine.  and 
then  clearly  to  understand  the  combining  and  neutralizing  action 
which  these  poisons  exert  upon  the  antitoxin.  Both  of  these  subjects 
are  treated  more  fully  in  the  next  chapter. 

In  all  the  earlier  work  on  this  subject  the  toxine  was  used  as  a basis 
for  measuring  the  strength  of  the  antitoxin,  but  as  the  toxine  is  a 
much  more  complex  substance  than  the  antitoxin,  and  as  it  is  less 
stable,  accurate  results  were  not  possible.  Ehrlich  showed  that  the 
antitoxin  under  certain  conditions  was  permanent,  both  in  power  of 
chemically  combining  with  and  physiologically  neutralizing  the  toxine. 

The  unit  for  measuring  the  strength  of  diphtheria  antitoxin  is  an 
arbitrary  quantity,  just  as  the  units  of  all  systems  of  weights  and 
measures  are  fundamentally  arbitral’}^  quantities,  so  that  the  question 
of  the  quantity  of  immunity  units  Axhich  a particular  diphtheria  anti- 
toxic serum  contains  can  only  be  determined  by  comparing  it  with  the 

(18) 
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standard  serum  preserved  by  Ehrlich  in  the  Klg.  Institut  fiir  Experi- 
mentelle  Therapie  at  Frankfort  a.  M.,  Germany.  This  serum  has 
been  carefully  tested,  its  antitoxic  strength  is  accurately  known,  and 
by  comparing  any  other  serum  with  this  original  one  its  antitoxic 
value  may  be  determined. 

Ehrlich,  however,  does  not  admit  that  his  antitoxic  unit  is  such  an 
arbitrary  quantit}^,  and  believes  that  he  can  reproduce  it  should  it 
become  lost,  by  a study  of  the  peculiar  relations  which  exist  between 
the  combining  and  neutralizing  power  of  toxines  and  antitoxins;  for, 
from  a theoretical  point  of  view,  Ehrlich  “ considers  that  the  immunity 
unit  contains  just  200  ‘‘combining  units.”  A combining  unit  is  anala- 
gous  to  the  valence  in  chemistiy,  and  Ehrlich  has  shown  b}^  his  stud}^ 
of  various  diphtheria  poisons  that  the  antibodies  in  his  immunity  unit 
have  200  of  these  combining  affinities.  As  each  combining  affinity 
represents  one  minimal  lethal  dose,  the  immunity  unit  theoretically 
should  combine  with  and  neutralize  200  MLD’s  of  a toxine  con- 
taining only  toxin.  If  it  were  possible  to  obtain  the  toxin  in  pure 
solution,  free  from  toxoids^  toxo7ies^  and  other  substances  which  have 
the  power  of  uniting  with  the  antibodies,  it  would  then  be  compara- 
tively eas}^  to  demonstrate  the  number  of  minimal  lethal  doses  which 
the  immunity  unit  is  able  to  neutralize.  As  such  pure  poisons  are 
practicall}"  never  obtained,  the  immunity  unit  in  actual  practice  is 
found  to  neutralize  many  times  less  than  200  minimal  lethal  doses  of 
the  toxine  (from  16  to  136),  the  remaining  combining  affinities  being 
satisfied  by  such  allied  substances  as  toxoid.^  toxoiie.^  etc.,  which  have 
the  same  chemical  affinity  for  the  antitoxin,  but  diminished  poisonous 
properties. 

In  order  the  better  to  understand  Ehrlich’s  immunity  unit  it  will  be 
necessary  to  give  a brief  review  of  its  development.  In  all  the  earlier 
systems  of  measuring  the  potency  of  diphtheria  antitoxic  serum  the 
diphtheria  culture  or  its  toxine  was  the  basis  of  measurement.  Behring 
and  Roux  both  first  used  living  cultures.  Behring  substituted  the  use 
of  the  soluble  diphtheria  poison  for  living  cultures  as  early  as  1893,  as 
he  found  it  was  impossible  to  establish  any  system  of  definite  dosage 
with  live  organisms. 

The  method  at  first  used  by  Roux  for  determining  the  strength  of 
antitoxic  serum  was  based  upon  the  ratio  between  the  quantity  of  the 
serum  necessary  to  protect  a guinea  pig  and  the  weight  of  that  guinea 
pig.  His  method  was  carried  out  as  follows:  A certain  quantity  of 

« Ehrlich:  Die  wertbemessung  des  diphtherieheilserums  mid  deren  theoretische 
grundlagen.  Klin,  jahrb.,  Jena,  v.  6 (2),  1897,  pp.  299-326. 

Ehrlich:  ETeber  die  constitution  des  diphtheriegiftes.  Dent.  med.  woch.,  Leipzig, 
Y.  24  (38),  Sept.  22,  1898,  pp.  597-600. 

Ehrlich:  Ueber  die  giftcomponenten  des  diphtherietoxins.  Berl.  klin.  woch., 
1903,  nos.  35-37,  p.  37. 
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diphtheria  antitoxic  serum,  say  0.01  c.  c.,  was  injected  subcutaneously 
into  a guinea  pig.  Twelve  hours  later,  0.5  c.  c.  of  a fresh  virulent 
culture  of  the  diphtheria  bacillus  was  inoculated  into  the  guinea  pig, 
weighing,  say,  300  grains.  If  the  guinea  pig  lived,  0.01  c.  c.  of 
the  serum  was  considered  sufficienth^  active  to  protect  300  grams  of 
guinea  pig,  and  1 c.  c.  of  the  serum  w'ould  consequent!}"  protect  30,000 
grams  of  guinea  pig,  and  the  strength  of  the  serum  was  expressed  as 
1:  30,000.  The  strength  of  a serum  according  to  this  method  was 
expressed  in  such  figures  as  1: 100,000  or  1:  500,000. 

Control  animals  were  inoculated  to  insure  the  virulence  of  the  cul- 
ture used.  The  culture  used  was  considered  sutficiently  virulent  if 
the  control  guinea  pig  died  within  thirty  hours. 

A serum  with  an  immunizing  strength  of  1: 100,000  meant  that  1 c.  c. 
would  protect  100, OOO  grams  of  guinea  pig;  and  a serum  whose 
strength  was  1:  500,000  meant  that  1 c.  c.  of  the  serum  would  protect 
500,000  grams  of  guinea  pig  against  a certainly  lethal  dose  of  diph- 
theria culture  or  later  the  toxine  when  injected  in  accordance  with 
the  above  procedure. 

Madsen®  showed  as  a result  of  comparative  tests  that  the  German 
method  of  expressing  the  strength  of  antitoxic  sera  in  antitoxin  units 
was  quicker,  cheaper,  easier,  and  more  accurate  than  the  French  method 
devised  by  Roux.  He  showed  that  with  the  French  method  it  is  often 
impossible  to  determine  differences  as  great  as  1: 100,000  and  1:  200,000. 
This  method  was  finally  abandoned  b}"  Roux  himself  in  favor  of  the 
German  procedure. 

In  the  earlier  methods  of  testing  the  strength  of  diphtheria  anti- 
toxin, according  to  both  the  methods  of  Behring  and  Roux,  the  two 
substances  were  always  inoculated  separatel}"  into  a guinea  pig,  usually 
in  different  places.  Sometimes  the  toxine  and  antitoxin  were  inocu- 
lated at  different  times  in  order  to  make  a distinction  between  the 
immunizing  power  of  a serum  and  its  curative  power. 

The  method  devised  by  Ehrlich  in  collaboration  with  Kossel  and 
Wassermann  in  1891^  was  based  upon  an  entirely  new  principle.  The 
.scientific  researches  of  Behring  and  Kitasato  had  previously  established 
the  fact  that  tetanus  poison  and  its  antitoxin  neutralize  each  other  in 
a test  tube  outside  of  the  bod}-.  Ehrlich,  Kossel,  and  Wassermann  satis- 
fied themselves  that  this  neutralization  between  the  diphtheria  poison 
and  its  antibod}"  takes  place  at  once  when  the  two  substances  are  mixed 
in  a test  tube,  and  they  believed  at  that  time  (1894)  that  it  took  place 
in  accordance  with  the  law  of  simple  proportions. 


^Madsen,  Thorvald;  Ueber  messung  der  starke  des  antidiphtherischen  serums. 
Zeitschr.  f.  hyg.,  Leipzig,  v.  24,  pp.  425-442. 

^L'eber  Gewinnung  und  Verwendung  des  Diphtherieheilserums.  Deut.  med. 
Woch.,  1894,  no.  16. 
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In  the  methods  used  before  this  time  (lS9d),  when  the  toxine  and 
antitoxin  were  injected  separately  into  the  guinea  pig  the  substances 
first  met  each  other  in  the  body  of  the  animal.  The  time  it  takes  for 
the  toxine  to  meet  and  neutralize  the  antitoxin  when  these  substances 
are  injected  separately  into  an  animal  naturally  varies  with  the  indi- 
vidual conditions  of  absorption,  and  exact  results  therefore  were  not 
possible.  It  was  found,  on  the  other  hand,  that  if  the  two  substances 
are  mixed  in  a test  tube  and  the  mixture  is  injected  into  guinea  pigs, 
constant  and  uniform  results  are  obtained. 

At  this  time  (1891)  an  old  test  toxine.  obtained  by  Behring  and  pre- 
served with  0.5  per  cent  phenol,  was  used  as  a basis  for  measuring 
the  strength  of  the  antitoxic  serums.  Ten  times  the  minimal  fatal 
dose  of  this  toxine  for  a guinea  pig  weighing  200  to  300  grams  was 
mixed  with  varying  quantities  of  serum  the  strength  of  which  was  to 
be  determined.  The  mixture  was  at  once  inoculatf  d into  guinea  pigs 
and  the  animals  closely  watched  for  local  reaction  at  the  site  of  inocu- 
lation. for  loss  of  weight  or  other  symptoms.  As  the  symptoms  appear 
in  a few  days  it  was  possible,  in  carrying  out  the  tests  according  to 
this  method,  to  determine  the  strength  of  an  antitoxin  in  a short  time. 

This  is  Behring's  method  of  measuring  the  strength  of  diphtheria 
antitoxic  serum. 

The  strength  of  the  serum  was  determined  in  accordance  with  the 
tests  carried  out  by  Behring's  method,  as  that  quantity  of  serum  which 
completely  neutralized  the  ten  minimal  fatal  doses.  The  toxine  was 
considered  to  be  completely  neutralized  if  the  guinea  pig  showed 
neither  local  nor  constitutional  effects  of  any  kind.  At  that  time  (1894) 
Ehrlich  considered  the  method  as  outlined  above  to  be  trustworthy, 
and  established  an  axtitoxix  uxit  as  that  quantity  of  serum  which 
required  just  1 c.  c.  to  neutralize  ten  times  the  minimal  fatal  dose  of 
the  diphtheria  poison.  The  antitoxic  serum,  which  had  precisely  this 
power,  he  considered  as  a normal  serum. 

Later  von  Behring  and  Ehrlich  found  stronger  serums  and  modified 
the  unit,  which  they  now  call  the  immunity  unit,  to  be  that  quantity 
of  antitoxin,  viz,  antidiphtheritic  serum,  which  will  neutralize  100  X 
MED  for  a guinea  pig  weighing  250  grams.  Ehrlich's  method  for 
car  lying  out  the  tests  in  accordance  with  this  new  conception  was  as 
follows: 

Ten  times  the  minimal  fatal  dose  is  mixed  with  a definite  quantity  of 
serum  and  this  mixture  injected  subcutaneously  into  a guinea  pig.  If 
the  guinea  pig  lives  the  quantity  of  the  serum  used  contains  at  least 
one-tenth  of  an  immunity  unit. 

For  example,  if  the  minimal  fatal  dose  of  toxine  is  0.005.  ten  times 
this  quantity,  or  O.05,  represents  ten  times  the  minimal  lethal  dose 
(lOxMLD). 


The  proper  cpiantitr  of  the  toxine  and  an  amount  of  the  antitoxin  to 
be  tested  are  now  mixed  in  a test  tube,  as  follows;  To  0.05  c.  c.  of  the 
toxine  is  added  0.001  c.  c.  of  the  serum,  and  the  mixture  inoculated 
subcutaneously  into  a guinea  pig.  If  there  was  sufficient  antitoxin  in 
the  0.001  c.  c.  of  the  serum  used  to  neutralize  the  10  MLD*s  used,  the 
pig  would  survive,  and  it  was  then  considered  that  0.001  c.  c.  of  that 
serum  contained  at  least  one-tenth  of  an  immunity  unit,  and  that  1 c.  c. 
of  that  serum  would  consequently  contain  at  least  100  units. 

Attention  is  j:)articularly  called  to  the  fact  that  at  first  the  strength 
of  antitoxin  depended  upon  the  complete  neutralization  of  the  poison 
as  determined  by  indications  of  sickness  in  the  guinea  pig.  particularly 
changes  at  the  site  of  inoculation.  Slight  swellings  which  disappear 
in  a few  da  vs  were  not  taken  into  consideration  in  determining  the 
value  of  the  serum.  It  is  evident  that  the  indications  of  sickness  in 
the  guinea  pig  or  the  presence  of  slight  changes  at  the  site  of  inocula- 
tion are  dependent  upon  subjective  considerations  leading  to  ditfer- 
ences  of  opinion  or  errors  in  judg'ment  which  could  materially  afi'ect 
the  accuracy  of  the  tests. 

A partial  neutralization  of  the  poison  sufficient  to  save  the  life  of 
the  animal  is  a more  definite  factor  than  the  complete  neutralization 
depending  upon  the  appearance  of  local  signs  for  recognition. 

On  account  of  these  difficulties  encountered  in  determining  the  value 
of  antitoxins  it  became  necessary  to  eliminate  all  subjective  considera- 
tions and  obtain  a method  ba^ed  upon  strictly  objective  conditions. 
Both  Ehrlich  and  von  Behring  independently  came  to  the  conclusion 
that  the  death  of  the  animal  was  a much  better  criterion  for  determin- 
ing the  value  of  a serum  than  the  local  reactions  or  the  survival  of  the  , 
animal  heretofore  depended  upon. 

A still  more  radical  change  in  the  principle  of  measuring-  the 
strength  of  diphtheria  antitoxin  was  now  introduced. 

Up  to  this  point  the  basis  of  measuring  the  strength  of  diphtheria 
antitoxin  was  always  either  the  culture  of  the  diphtheria  bacillus  or 
its  poisonous  products.  The  genius  of  Ehrlich  disclosed  errors  in  the 
methods  heretofore  described.  His  researches  into  the  biological 
relations  between  toxine  and  antitoxin  showed  that  it  required  vary- 
ing amounts  of  antitoxin  in  order  to  neutralize  the  In  MED*s.  He 
finally  showed  that  there  is  no  relation  between  the  poisonous  efi'ects 
of  the  toxine  and  its  power  of  combining  chemically  to  neutralize  the 
antitoxin.  He  showed  that  a toxine  mav  be  weakened  verv  materiallv 
bv  the  infiuence  of  time,  light,  heat,  oxvgen.  and  other  deleterious 
infiuences.  without,  however,  altering  its  power  of  combining  with 
antitoxm.  This  discovery  was  of  fundamental  importance  and  re- 
quired the  transfer  of  the  standard  of  measurement  from  the  poison 
to  its  antibodv. 
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j _ Ehrlich  ^ now  made  numerous  researches  in  order  to  determine  the 
stability  of  the  antitoxin.  ,,  He  had  particular  success  with  a serum 
' I containing  a high  percentage  of  glycerin.  This  gl}xerinated  serum 
j showed  exactly  the  same  power  of  neutralizing  toxine  after  one  3"ear 
that  it  did  at  first. 

For  a while  this  glycerin  solution  of  antitoxic  serum  was  used  as  the 
basis  for  standardizing  serums.  But  Ehrlich  showed  that  even  giyc- 
erinated  serum  ma}"  weaken  and  also  the  fact  that  because  the  neu- 
tralization point  does  not  vary  is  no  guarant}^  of  the  stability  of  the 
I test  solution.  It  was  therefore  necessary  to  abandon  the  gljxeriimted 
serum  as  a method  for  preserving  the  standard  unit.  The  principal 
I factors  which  cause  the  weakening  of  antitoxin  are  moisture,  oxygen, 

I light,  and  heat. 

It  is  very  easy  to  guard  against  the  deleterious  influences  of  light 
' and  heat.  It  was  therefore  necessary  onl}^  to  pay  particular  attention 
to  the  first  two  agents. 

The  serum  was  therefore  reduced  to  a powder  under  proper  precau- 
tions and  this  dried  blood  serum  preserved  in  a small  glass  apparatus 
consisting  of  two  parts  connected  b\"  means  of  a glass  tube.  The 
serum  is  placed  in  one  portion  of  the  apparatus  and  phosphoric  anh}^- 
drid,  which  is  a veiy  powerful  dely^drating  substance,  in  the  other. 
The  air  is  exhausted  as  much  as  possible  by  means  of  a high  vacuum 
and  the  apparatus  hermeticall}"  sealed.  After  a few  days  the  acid  will 
have  taken  up  all  the  moisture  from  the  serum,  and  the  tube  connect- 
ing the  two  parts  may  then  be  melted  and  sealed  off,  separating  the 
acid  from  the  serum.  The  dried  serum  is  now  contained  in  a vacuum 
tube  and  preserved  in  a cool  place  in  absolute  darkness. 

In  this  way  Ehrlich  prepared  a great  number  of  these  little  tubes, 
each  one  containing  a dried  serum  whose  value  was  accurately  deter- 
mined. Each  tube  contained  2 grams  of  the  dried  serum,  repre- 
senting 1,700  immunity  units  in  each  gram.  Every  two  or  three 
months  one  of  these  tubes  is  carefull}-  opened  and  the  contents  dis- 
solved in  200  c.  c.  of  a 10  per  cent  solution  of  sodium  chlorid  and  glyc- 
erin mixture,  the  mixture  containing  from  50  to  80  per  cent  of 
glycerin.  One  c.  c.  of  this  gl}"cerinated  serum  represents  then  exactly 
seventeen  times  the  normal  strength;  and  therefore  if  we  dilute  1 c.  c. 
of  this  gl}"cerinated  serum  with  16  parts  of  water,  each  cubic  centi- 
meter of  the  dilution  contains  one  immunity  unit. 

Although  the  serum  is  used  as  a basis  for  standardizing  the  strengths 
of  other  sera,  the  toxine  still  pla3^s  a very  important  role  in  the  process 
of  testing,  as  it  is  manifestly  impossible  to  estimate  the  strength  of  an 


« Ehrlich : Die  Wertbemessung  des  Diphtherieheilserums  und  deren  theoretische 
Grundlagen.  Klin.  Jahrb.,  Jena,  v.  6 (2),  1897,  pp.  299-326. 
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antitoxic  serum  by  comparing  it  directly  with  another  serum.  One  is 
compared  with  the  other  through  the  toxine. 

It  is  not  the  absolute  toxicity  of  the  poison  which  is  considered  in 
testing  the  strength  of  the  antitoxin,  but  a combination  of  its  combin- 
ing and  poisonous  powers,  as  expressed  in  the  L+  dose  (see  p.  26). 
The  method  by  which  the  strength  of  standard  serum  is  estimated  and 
methods  by  which  other  serums  are  compared  with  it  are  fully  con- 
sidered in  detail  in  the  following  pages. 

It  is  to  be  noted  liere  that  in  accordance  with  the  method  of  deter- 
mining the  power  of  diptheria  antitoxin,  as  devised  by  Ehrlich,  three 
important  factors  are  achieved:  The  poison  is  neutralized,  and  the 
protective  and  curative  powers  of  the  serum  established. 


THE  CONSTITUTION  OF  THE  TOXINE  AND  ITS  RELATION  TO 

ANTITOXIN. 

Ehrlich’s  discovery  that  the  relation  between  toxine  and  antitoxin  is 
not  always  the  same  led  him  to  investigate  the  constitution  of  the 
diphtheria  poison. 

It  is  believed  that  the  diphtheria  bacillus  primaril}^  secretes  at  least  . 
two  poisons,  the  toxin  and  the  toxone. 

The  toxin  is  not  stable  and  is  readih"  reduced  to  toxoid.  For  the 
purposes  of  our  work  we  must  have  a clear  understanding  of  the  toxin.^ 
the  toxoid.^  and  the  toxone. 

The  toxin  is  the  only  poison  produced  bv  the  diphtheria  bacillus 
capable  of  causing  acute  death.  The  toxoids  have  little  or  no  poi- 
sonous properties.  The  toxones  produce  the  late  manifestations  of 
paralj^sis. 

The  interesting  point  about  all  of  these  poisons  is,  they  have  the 
power  of  combining  chemicall}"  with  the  antitoxin.  In  other  words, 
toxin toxoid^  and  toxone^  and  final!}"  ejyitoxonoid^  all  have  the  same 
haptophore  group,  but  different  or  modified  toxophores. 

The  poisonous  toxins  are  subdivided  into  three  groups  depending 
upon  the  degree  of  their  avidity  for  antitoxin,  i^vototoxin^  deutro- 
toxin.,  and  tritotoxin.  Each  of  these  toxin  groups  may  in  whole  or  in 
part  be  converted  into  toxoids^  which  are  not  poisonous  but  which 
have  the  same  power  of  combining  with  the  antitoxin  as  the  toxin 
from  which  they  derive  their  origin.  These  altered  toxins  are  conse- 
quently known  as  jprototoxoid^  deutrotoxoid.  and  tritotoxoid^  respec-  . 
tively.  The  prototoxin  has  a greater  affinity  for  antitoxin  than  the"’: 
deidrotoxin.,  and  the  deutrotoxin  has  a greater  affinity  for  antitoxin 
than  the  tritotoxin.  The  same  relation  holds  good  for  the  three  toxoids.  - 

As  each  diphtheria  poison  contains  these  substances  in  varying  pro- 
portions it  is  at  once  evident  that  there  can  be  no  relation  between  the 
toxicity  of  the  poison  and  its  combining  power  with  antitoxin.  Take 
for  example  two  poisons  which  require  the  same  dose  to  kill,  but  in 
one  prototoxin  and  in  the  other  the  tritotoxin  has  become  altered 
mto  jyrototoxoid  and  tritotoxoid.^  respectively.  It  is  then  evident  that 
in  order  to  neutralize  the  same  lethal  dose  in  the  first  case  it  would 
require  more  serum  than  in  the  second,  because  in  the  first  case  a cer- 
tain proportion  of  the  antitoxin  would  be  used  up  by  combining  with 
the  prototoxoid^  Avhich  is  nonpoisonous,  leaving  a proportionately 
greater  amount  of  uncombined  toxin.  On  the  other  hand,  a serum 
tested  against  ten  or  one  hundred  minimal  lethal  doses  of  these 
respective  poisons  would  appear  to  have  quite  different  immunizing 
values. 
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The  toxone  is  one  of  the  primary  metabolic  products  of  the  diphthe- 
ria bacillus.  It  possesses  the  same  haptophore  group  as  the  toxin  ^ but 
has  far  less  avidit}"  for  antitoxin.  When  the  diphtheria  poison  and 
antitoxin  are  brought  together  the  toxone  is  the  last  to  enter  into  com- 
bination with  the  antitoxin,  as  both  the  toxin  and  toxoid  have  greater 
affinities  for  the  antibodies'  than  the  toxone.  The  toxone.^  as  before 
mentioned,  has  the  same  haptophore  group  as  the  toxin  but  has  a 
different  toxophore  group,  as  it  is  incapable  of  producing  acute  effects, 
cutaneous  necroses  and  death,  but  is  responsible  for  the  local  edema 
and  the  diphtheritic  paralysis. 

The  diphtheria  poison  is  first  investigated  biological!}"  by  adding 
varying  quantities  of  the  poison  to  the  immunity  unit  and  inoculating 
the  mixtures  into  a series  of  guinea  pigs.  In  this  way  it  is  very  evi- 
dent, as  Ehrlich  has  shown,  that  two  limits,  boundaries,  or  zones  are 
always  shown,  which  are  of  the  greatest  importance  in  determining  the 
nature  and  composition  of  the  poison.  Each  of  these  limits  is  desig- 
nated by  the  letter  L,  from  limes,  a boundary  or  zone. 

These  limits  are  known,  respectively,  as  L®  (®  = nil)  and  L-f  (+  — 
death). 

By  is  meant  that  quantity  of  poison  which  just  neutralizes  or 
saturates  one  immunity  unit  as  shown  at  the  necropsy  done  forty-eight 
hours  after  the  subcutaneous  injection  of  the  mixture  into  tire  guinea 
pig.  The  reaction  at  the  site  of  the  inoculation  at  this  examination 
must  be  hardly  noticeable. 

Theoretically  the  L®  dose  of  toxine  must  unite  with  and  neutralize 
just  200  ‘'combining  units”  of  antitoxin.'  The  L”  dose,  therefore, 
contains  just  200  minimal  lethal  doses  of  a theoretically  pure  poison. 

By  L+  is  meant  the  smallest  quantity  of  toxine  that  will  neutralize 
one  immunity  unit,  plus  a quantity  necessary  to  kill  the  animal  on 
the  fourth  day.  As  defined  by  Ehrlich,  the  L-j-  dose  is  that  quantity 
of  poison  which,  despite  the  antibodies  contained  in  one  immunity 
unit  of  serum,  contains  a sufficient  excess  of  the  poison  to  cause  the 
death  of  the  guinea  pig  within  the  course  of  four  days. 

In  studying  the  constitution  of  the  diphtheria  poison  it  is  also  nec- 
essary to  determine  its  absolute  toxicity  with  the  greatest  possible 
precision.  The  absolute  toxicity  of  the  diphtheria  poison  is  usually 
spoken  of  as  the  minimal  lethal  dose  (MED),  sometimes  as  the  mini- 
mal fatal  dose  (MFD),  and  occasionally  as  the  simple  lethal  dose.  The 
determination  of  the  minimal  lethal  dose  is  often  an  exceedingly 
tedious  problem,  and  in  some  cases  requires  as  many  as  100  animals. 
This  is  due  in  part  to  the  fact  that  the  determination  of  the  exact  limits 
is  largely  influenced  by  the  individuality  of  the  guinea  pigs,  so  that  it 
is  necessary  to  repeat  tlie  work  on  a series  of  animals  in  order  to  reach 
an  average. 
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minimal  lethal  dose  may  be  defined  as  that  quantity  of  toxine 
i I which  will  surely  kill  eveiy  guinea  pig  weighing  250  grams  in  the  course 
\ I of  four  days  or,  at  the  very  latest,  five  days.  As  Ehrlich  has  pointed 
j ^ out,  such  a quantih"  may  kill  some  of  the  animals  sooner,  that  is,  within 
I I thirty-six  to  forty-eight  hours.  A quantity  of  diphtheria  poison  that 
I will  kill  every  guinea  pig,  without  exception,  acutely,  within  thirty- 
I six  to  forty-eight  hours,  contains  more  than  the  minimal  lethal  dose. 

* The  L+  dose  is  a much  more  definite  and  constant  factor  than  the 
MED.  It  does  not  show  the  irregularities  or  present  the  ditficulties 
met  with  in  determining  the  absolute  toxicity  of  the  poison. 

In  his  earlier  work  Ehrlich  looked  upon  the  diphtheria  toxine  and 
antitoxin  as  simple  substances  neutralizing  each  other  as  an  alkali  does 
an  acid.  That  the  relation  between  these  two  substances  is  much  more 
complex  was  at  once  evident  as  sooiT  as  he  worked  out  the  complex 
I nature  of  the  diphtheria  poison. 

! . The  best  method  of  studying  the  relations  between  toxine  and  anti- 

toxin is  bv  mixing  these  two  substances  together  in  varving  amounts 
and  studying  the  eftects  of  partial  saturation  or  neutralization.  As 
the  immunity  unit  is  supposed  to  contain  200  ‘‘combining  units,”  the 
most  valuable  information  is  obtained  bv  adding  one  two-hundredths  of 
the  immunit}"  unit  to  a given  quantity  of  toxine,  using  either  the  or 
L+  dose  of  toxine.  These  mixtures,  inoculated  into  a series  of  guinea 
pigs  of  standard  weight  and  under  standard  conditions,  will  give  cer- 
tain definite  results. 

B}"  mixing  with  the  L®  dose  of  the  diphtheria  toxine  such  fractional 
amounts  of  antitoxin  we  have  results  which  ma}"  be  summarized  as 
follows: 

At  first  these  mixtures  ma}-  show  no  diminution  in  toxicity,  despite 
the  addition  of  considerable  (sa}",  fort}-  two-hundredths)  of  the  immunity 
unit.  This  zone  represents  the  prototoxoids.  Then  comes  a time  when 
for  each  addition  of  one  two-hundredth  of  a unit  of  antitoxin  the  poison 
mav  lose  one  minimal  lethal  dose.  This  is  the  zone  of  toxins  {sy7\- 
toxins).  Then  follows  the  zone  in  which  the  mixture  fails  to  produce 
acute  death,  but  may  cause  local  edema  and  later  paral3"sis.  This  is 
the  zone  of  toxones^  first  called  epitoxones  b}^  Ehrlich. 

Later,  von  Dungern^^  showed  the  presence  of  epitoxonoids  which 
have  the  same  combining  affinity  for  the  antitoxin,  but  show  no  poison- 
ous properties.-  The  epitoxonoids  of  von  Dungern  explain  the  power 
of  neutral  mixtures  of  toxine  and  antitoxin  to  produce  immunity 
when  injected  into  susceptible  animals. 

The  results  of  the  partial  saturation  or  neutralization  tests  are  con- 
veniently studied  b}^  plotting  curves,  called  by  Ehrlich  “spectra.”’ 
Several  such  spectra  are  shown  in  fig.  2. 

^ Beitragzurkenntnissder  bindungsverhaltnisse  bei  der  vereinigung  von  diphtherie- 
gift  iind  antiserum.  Dent.  med.  woch.,  v.  30  (8-9),  1904,  pp.  275-277,  310-312. 
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Fig.  2 — Ehrlich’s  spectra. 
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In  studying  these  spectra,  it  must  be  remembered  that  one  immu- 
nity unit  theoretically  neutralizes  200  minimal  lethal  doses  of  a pure 
poison,  containing  only  toxin.  It  is  self-evident  that  such  toxin  ‘^val- 
ences” mav  be  substituted  by  other  substances  having  the  same  com- 
bining affinity  but  less  poisonous  or  not  at  all  poisonous,  such  as  toxoid 
and  toxone. 

As  toxines  containing  onh^  toxin  are  practically  never  obtained,  it  is 
evident  that  the  immunit}’  unit  will  be  found  in  actual  practice  to  neu- 
tralize a less  number  of  minimal  lethal  doses  than  200-  the  remainino' 
number  being  satisfied  with  the  toxoids  and  toxones. 

In  order  to  obtain  a correct  understanding  of  these  spectra,  it  is 
necessary  to  know  how  one  is  cast.  The  most  instructive  results  are 
obtained  by  using  the  L®  dose  of  toxine.  The  dose  is  that  quantity 
of  toxine  which  will  just  neutralize  one  immunit}"  unit.  The  dose 
should  contain  just  200  MLD's  of  a theoretically  pure  toxine,  contain- 
ing onh"  toxin. 

Let  us  make  a spectrum  of  an  impure  toxine  containing  the  fol- 
lowing: 

50  combining  units  oi  jy'ototoxin. 

100  combining  units  of  toxin  ( = 100  MLD's). 

50  combining  units  of  toxone. 

200 

Then: 

L”  dose  of  toxine  =100  MLD's,  i.  e.,  contains  enough  toxin 
. to  kill  100  guinea  pigs. 

L^+gl^o  immunit}"  unit  = 100  MLD's. 

L®+/o\  inimunity  unit=100  MLD's. 

L^+gVo  immunit}^  unit  = 100  hILD's. 

Up  to  this  point  we  see  that  the  addition  of  fifty  two-hundredths  of 
the  immunity  unit  has  no  efiect  upon  the  toxicity  {toxin)  of  the  poi- 
son. In  other  words,  the  antitoxin  is  being  used  up  b}^  combining 
with  some  nonpoisonous  substance,  viz,  prototoxoid.  The  first  50 
segments  of  our  spectra  will  therefore  consist  of  this  modified  toxin. 

If  now  we  add  more  antitoxin  to  our  toxine  we  will  find  that  for  the 
addition  of  each  one  two-hundredths  of  the  immunity  unit  the  toxine 
loses  one  MLD — 

L”+gVo  inimunity  unit=99  MLD’s. 

L^-j-gVo  inimunity  unit  = 80  ^ILD’s. 

J immunity  unit=  3 MLD’s. 
inimunit}^  unit=  2 MLD’s. 

L®+y§  immunity  unit=  1 MLD. 

That  is,  the  L®  dose  of  toxine  plus  one  hundred  and  forty-nine  two- 
hundredths  of  the  inimunity  unit  contains  in  the  mixture  just  enough 
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free  poison  {toxin)  to  kill  one  g'liinea  pig.  Therefore  ’.ext  100 
segments  of  this  spectrum  will  consist  of  toxin. 

If  we  now  add  one  two-hundredths  more  of  antitox  r,  the  mixture 
will  fail  to  kill.  Thus, 

immunitj"  unit = will  not  kill  acutely,  hut  causes  paraly- 
sis {toxones). 

immunity  unit==will  not  kill  acutely,  but  causes  parah^- 

sis  {toxones). 

immunit}^  unit=will  not  kill  acutelv.  but  causes  parah^- 

sis  {toxones). 

L®4-|^|  immunity  unit  = complete  neutralization. 

The  last  50  segments  of  the  spectrum  wG-hd,  therefore,  be  made  up 
of  toxone. 

The  spectrum  of  this  poison  would,  therefore,  be  expressed  as  fol- 
lows: 
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Fig.  3. — A spectrum  of  a simple  poison.  Redrawn  from  Madsen,  La  Constitution  du  poison  diphthe- 
rique.  Ann.  de  I’lnstitut  Pasteur.  Vol.  XIII,  1899,  p.  576. 

By  this  graphic  representation  of  the  results  of  the  studies  of  toxine- 
antitoxin  mixtures  it  is  possible  to  tell  at  a glance  the  proportional 
amounts  of  toxin.^  toxoid.,  or  toxone  contained  in  a given  poison. 

The  fohowing  instructive  instance  is  taken  from  Ehrlich’s  poison  . 
No.  5:^-' 

L®  dose  of  this  toxine  No.  5 was  0.125  cc. 

L+  dose  of  this  toxine  No.  5 was  0.25  cc. 

1\ILD  dose  of  this  toxine  No.  5 v^as  0.0025  cc. 

It  will,  therefore,  be  seen  that  the  L”  dose  of  this  particular  toxine 
contained  exactN  50  X MED,  and  the  L+  dose  contained  100  X MED. 

The  gradual  changes  which  this  poison  underwent,  as  shown  b}"  the 
spectra,  may  be  explained  as  follows: 

In  A (fig.  2)  pure  hemitoxin  is  shown.  By  this  is  meant  that  the 
addition  of  each  one  two-hundredths  of  the  immunity  unit  to  the  E” 

« Ehrlich:  Eeber  die  constitution  des  diphtheriegiftes.  Deut.  ined.  woch.,  Leip- 
zig, V.  24  (38),  1898,  pp.  597-600. 

Ehrlich:  Eeber  die  giftcomponenten  des  diphtherietoxins.  Berl.  klin.  woch., 
1903,  nos.  35-37. 
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dose  takes  away  just  one -half  MLD  until  100  such  combining  units,  or 
one-half  of  the  immunity  unit,  has  been  added.  A further  addition 
of  antitoxin  had  no  effect  upon  the  toxin  as  shown  by  death  or  necroses, 
but  only  inffuenced  the  toxone. 

In  B (tig.  2).  instead  of  an  equal  mixture  of  toxin  and  toxoid,  known 
as  hernitoxin.  we  have  a mixture  of  toxin  and  toxoid,  containing  more 
of  the  latter  than  the  former,  as  indicated  by  :he  diminished  toxicitv. 
The  evidence  of  tritotoxAn  is  shown  in  the  spectra  between  SO  and  100. 

Phase  D (tig.  2)  shows  a further  loss  of  toxicity  of  this  poison  Xo. 
5 under  consideration.  By  this  time  the  minimal  lethal  dose  had  risen 
to  0.001.  It  will  be  seen  that  the  addition  of  forty  two-hundredths  of 
the  immunity  unit  had  no  inffuence  upon  the  toxicity  of  the  poison, 
indicating  the  appearance  of  prototoxoid. 

Three  distinct  zones  may  be  distinguished  in  such  spectra. 

The  first  zone,  which  is  not  always  present,  represents  the  non- 
poisonous  prototoxoid. 

The  second  zone  contains  the  poisonous  toxin. 

If  the  addition  of  of  the  immunity  unit,  which  represents  one 
combining  unit,  removes  exactly  1 iNILD,  the  poison  then  contains 
pure  toxm.  Sometimes  the  addition  of  one  combining  unit  removes 
on  the  average  one-half  the  lethal  dose.*  This  phenomenon  is  inter- 
preted as  indicating  the  mixture  of  equal  parts  of  toxins  and  toxoids^ 
designated  bv  Ehrlich  as  hernitoxin.  The  existence  of  hemitoxin  is 
possible  only  in  case  the  toxoid  has  precisely  the  same  avidity  for  the 
antitoxin  as  the  toxin.  From  this  it  follows,  as  Ehrlich  had  from  the 
beginning  assumed  and  as  Arrhenius  has  confirmed,  that  in  the  trans- 
formation of  toxin  into  toxoid  no  change  in  avidity  occurs. 

Pure  toxoid  occurs  often  in  the  form  of  a pjrototo:roid . which  possesses 
a stronger  affinity  for  antitoxin  than  all  other  components  of  the  poison. 
The  prototoxoid  manifests  its  presence  by  the  fact  that  a certain  quan- 
tity of  antitoxin  may  be  added  to  the  diphtheria  poison  without  in  the 
slightest  degree  lessening  its  toxicitv. 

The  third  zone,  which  Ehrlich  calls  the  *Aoxone  zone, has  been 
subject  to  the  greatest  amount  of  discussion  and  the  correctness  of 
his  views  has  been  questioned,  especially  by  Arrhenius  and  Madsen.® 
Arrhenius  insists  that  instead  of  considering  the  diphtheria  poison  to 
contain  toxin  and  toxonx.  it  would  be  simpler  to  consider  it  as  a single 
(homogeneous)  substance  which  has  a very  weak  affinity  for  the  anti- 
toxin. and  that  in  mixtures  containing  toxine  and  antitoxin  there  is 
alwavs  both  free  toxine  and  free  antitoxin.  He  draws  his  analogv  from 
known  facts  in  physical  chemistry,  particularly  from  studies  upon 

«Toxines  et  antitoxiues  le  poison  diphterique.  Acad.  roy.  sci.  et  let.  Danemark: 
Bull.  no.  4,  1904.  pp.  269-305. 
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the  relation  of  boracic  arid  and  ammonia.  These  two  substances  have 
a comparatively  Aveak  affinity  for  each  other,  and  in  mixtures  all  the 
boracic  acid  does  not  combine  with  the  ammonia,  'but  there  is  always 
present  both  free  ammonia  and  free  boracic  acid. 

When  ammonia  and  boracic  acid  are  brought  together  in  watery 
solution  some  of  the  ammonia  at  once  unites  with  some  of  the  boracic 
acid  and  forms  ammonium  borate.  This  reaction  starts  Avith  a certain 
velocity,  but  as  the  mass  of  ammonium  borate  increases,  the  A^elocity 
of  the  reaction  gradually  diminishes.  After  a time  a condition  is 
reached  when  the  ammonium  borate  has  a maximum  value  and  does 
not  further  increase,  no  matter  how  long  the  reaction  is  alloAved  to 
proceed  under  the  giA^en  conditions. 

Affien  this  condition  of  equilibrium  is  reached  the  mass  contains  a 
constant  quantity  of  water,  ammonia,  boracic  acid,  and  ammonium 
borate;  but  these  substances  are  not  at  rest.  The  ammonia  and 
boracic  acid  will  always  react  when  in  the  presence  of  each  other 
Avhether  or  not  ammonium  borate  is  present.  But  as  the  proportionate 
amount  of  ammonium  borate  remains  constant,  it  is  understood  that 
AAffiile  this  continuous  association  between  the  ammonia  and  the  boracic 
acid  is  going  on  there  is,  at  the  same  time,  a reversible  action — that  is, 
a dissociation  of  the  ammonium  borate  to  re-form  ammonia  and 
boracic  acid  These  two  reactions  take  place  simultaneously. 

Arrhenius  believes  that  the  diphtheria  poison  changes  sloAvly,  accord- 
ing to  the  laAvs  of  monomolecular  reactions,  into  a nonpoisonous  body — 
toxoid.  Both  substances,  toxin  and  toxoid,  according  to  Arrhenius, 
combine  feebly  Avith  antitoxin,  the  equilibrium  constant  being  equal 
for  both. 

Ehrlich,  however,  contends  on  the  other  hand  that  the  diphtheria 
poison  is  not  onl}^  a complex  substance,  but  that  the  toxin  and  antitoxin 
have  strong  affinities  for  each  other.  He  admits  that  the  long  inteiwal 
between  the  values  of  L”  and  L+  seems  to  oppose  the  acceptance  of  a 
strong  affinity  between  the  toxin  and  antitoxin. 

Designate  by  D the  amount  of  toxine  representing  the  difference 
between  L+  and  H.  From  chemical  examples  it  can  be  easily  shown 
that  with  poisons  of  strong  avidity  the  value  of  D must  correspond 
exactl}"  to  one  minimal  lethal  dose,  whereas  with  poisons  of  Aveak 
affinity  D may  be  much  larger  on  account  of  the  free  or  dissociated 
poison.  Ehrlich,  however,  finally  succeeded  in  finding  a toxine  in 
which  D was  precisely  of  the  theoretic  value  of  1.  Thereb}^  it  was  in 
principle  shown  that  toxin  and  antitoxin  unite  with  strong  affinity, 
and  the  great  variation,  from  0 to  300  per  cent,  in  the  A^alue  of  D rep- 
resented bA"  different  speciinens  of  toxines  could  be  explained  by  the 
presence  of  toxone. 
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In  his  recent  very  careful  work  upon  the  constitution  of  diphtheria 
poison  and  the  relation  between  toxine  and  antitoxin,  yon  Dungern® 
concludes  that — 

1.  The  union  of  diphtheria  toxine  and  antitoxin  does  not  proceed  in 
accordance  with  the  ammonia-boric  acid  scheme. 

2.  The  observed  phenomena  of  combination  are  explicable  only 
upon  the  assumption  of  a complex  constitution  of  the  diphtheria 
poison. 

3.  The  facts  find  their  best  explanation  in  the  action  of  a toxone  and 
2i\\' epitoxonoid.  Epitoxonoid  is  present  in  considerable  quantity  in 
toxic  broth.  The  immunizing  action  of  apparent!}"  completely  neu- 
tralized toxines  can  therefore  be  explained. 

I.  Constituents  of  the  diphtheria  poison  with  weak  affinity  after 
combining  with  antitoxin  may  eventually  become  so  firmly  bound  that 
this  union  can  only  be  incompletely  broken  by  toxin  of  stronger  avidity. 
The  strength  of  the  combination  is  of  significance  for  the  action  of 
antitoxin. 

The  claim  of  Arrhenius  and  Madsen  that  the  toxine  is  a simple  sub- 
stance having  a weak  affinity  for  the  antitoxin,  and  that  the  combina- 
tion of  toxine  and  antitoxin  follows  the  Guldberg- Waage  law,  and  that 
the  reaction  is  therefore  reversible,  seems,  in  the  light  of  the  evidence 
before  us,  to  be  untenable. 

Nernst^  and  Michaelis^^  consider  that  the  assumption  that  the  reac- 
tion is  reversible,  at  least  after  a very  short  period,  is  arbitrary  and 
unsupported  by  evidence.  In  addition  to  von  Dungern,®  as  above 
quoted,  Sachs, Morgenroth/  and  others  have  brought  forward  new 
experiments  to  show  that  the  reaction  is  not  reversible,  and  that  the 
existence  of  toxoids  and  toxones  is  very  probable. 

The  question  as  to  the  existence  of  toxones  now  seems  by  the  work 
of  Calcar,  if  confirmed,  to  be  definitely  settled  in  favor  of  Ehrlich’s 
views.  Calcar/  separated  from  diphtheria  bouillon  by  special  methods 
of  filtration,  through  a membrane,  two  poisonous  constituents.  The 
one  (Ehrlich's  toxin)  killed  acutely;  the  other  (Ehrlich’s  toxone)  pro- 
duced late  paralysis  and  death  after  several  weeks. 

Ehrlich  and  his  co-workers  had  been  able  to  show  the  existence  of 
toxones  only  by  more  indirect  methods  (partial  neutralization  of  toxine 

«Deut.  med.  Woch.,  1904,  Xos.  8 and  9. 

oZeit.  f.  Elektrochem.,  10,  p.  377. 

<^Biochem.  Centrlbl.,  3,  p.  1. 

^ Berl,  klin.  Woch.,  41,  p.  412. 

^Ibid.,  41,  p.  526. 

/Ibid.,  41,  p.  1028. 
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with  antitoxin),  and  lack  of  direct  proof  of  their  existence  gave 
Arrhenius  and  Madsen’s  contention  that  the  toxones  were  onh^  the 
toxin  which  was  being  slowly  freed  from  the  antitoxin-toxine  com- 
bination a certain  degree  of  plausibility.® 

Calcar  was  also  able  to  show  that  the  toxones  have  a greater  molecular 
volume  than  the  toxins^  but  a smaller  molecular  volume  than  the  pro- 
teids. 

It  therefore  seems  plain,  as  Ehrlich  states,  that  his  views  furnish  a 
far  better  explanation  than  those  of  Arrhenius  of  numerous  facts  in 
the  domain  of  toxines,  such  as  the  process  of  spontaneous  enfeeble- 
ment  of  toxins,  their  passage  into  a state  of  stability,  the  reduction  of 
the  toxone  zone,  and  the  capacity  of  completely  neutralized  poisons  to 
produce  antitoxin  (Park)  by  means  of  von  Dungern's  ej>itoxonoids. 


«Eeid  Hunt  in  Gould’s  Amer.  Yearbook  of  Med.  and  Surg.,  1905,  p,  619. 


THE  TOXINE. 


PREPARATION  OF  THE  TOXINE. 

The  culture. — For  the  preparation  of  the  toxine  we  use  a culture 
known  as  “Park’s  bacillus  No.  8.’'  This  culture  has  now  become 
famous  in  laboratories  both  in  this  countiy  and  abroad  on  account  of 
its  remarkable  jiower  of  retaining  its  virulence  and  producing  strong 
poisons.  The  culture  was  isolated  in  189d  by  Dr.  xTnna  W.  Williams, 
of  the  New  York  health  department,  and  is  sometimes  known  as  the 
Park-Williams  bacillus. 

The  best  results  are  obtained  by  growing  the  organism  as  a surface 
growth  in  the  special  bouillon  presenth"  to  be  described.  AVe  carry  it 
over  from  test  tulie  to  test  tube  eveiy  da}y  taking  only  the  surface 
film  with  a flattened  platinum  needle. 

The  strongest  poisons  are  obtained  when  the  surface  growth  is 
heavy  and  the  bouillon  remains  clear.  A precipitate  of  the  old  and 
dead  organisms  alwa}^s  collects  at  the  bottom  of  the  tube. 

The  houiUon. — The  bouillon  is  a special  alkaline  medium  prepared 
from  fresh  lean  beef  freed  of  muscle  sugar  and  all  other  sugars,  and  to 
which  a small  quantity  of  dextrose  (glucose)  is  added,  which  seems  to 
favor  the  production  of  a strong  poison. 

The  bouillon  is  prepared  largely  in  accordance  with  the  instructions 
laM  down  by  Theobald  Smith  in  a paper  entitled  “The  relations  of 
dextrose  to  the  production  of  toxin  in  bouillon  cultures  of  the  diph- 
theria bacillus.”^  This  culture  medium,  which  we  call  “Smith’s 
bouillon,”  is  prepared  b}"  us  as  follows: 

Cut  out  all  the  fat  and  tendon  of  the  beef.  Pass  through  the  meat 
grinder,  catching  all  the  expressed  juice.  Weigh  and  add  twice  the 
weight  of  water.  Place  in  the  cool  room  at  15°  C.  for  twenty-four 
hours,  then  strain  through  cloth,  pressing  firmly.  Weigh  the  amount 
of  meat  infusion  thus  obtained.  Take  the  reaction  and  neutralize 
with  sodium  hydrate  to  1.5  per  cent  acidity  to  phenol-phthalin  in 
order  that  the  colon  bacillus,  which  is  now  planted  in  it,  may  grow 
well.  Inoculate  with  a reliable  culture  of  B.  coli  communis^  using  10 
c.  c.  of  a twent3"-four-hour-old  bouillon  culture  for  each  liter  of  meat 
infusion.  "Grow  at  37°  C.  for  twenty-four  hours.  Add  the  white  of 


<*^Journ.  Exper.  Med.,  vol.  4,  nos.  3-4,  1899. 
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one  egg  for  each  liter  of  infusion.  Heat  gently  for  twenty  minutes 
to  coagulate  the  albumin,  and  then  filter  while  hot  through  paper. 
W eigh  the  amount  of  filtrate  obtained  and  add  sufficient  water  to  make 
up  the  loss  to  the  original  amount.  Take  the  reaction  again  and 
neutralize  with  sodium  hydrate  to  an  acidity  of  0.5  per  cent,  then 
add  1 per  cent  peptone  and  one-half  per  cent  sodium  chlorid  and  0.1 
per  cent  dextrose.  Heat  again  for  twenty  minutes  in  streaming  steam 
in  an  open  autoclay.  Again  take  reaction,  neutralize  and  repeat  until 
the  reaction  of  the  infusion  is  just  0.5  per  cent.  The  medium  is  now 
filtered  through  paper  and  filled  into  Fernbach  flasks,  test  tubes,  etc. 
These  are  sterilized  in  the  autoclay  at  a temperature  of  120°  C.  for 
twenty  minutes. 

The  fermentation  tubes  prepared  and  sterilized  without  the  addition 
of  the  0.1  per  cent  of  dextrose  are  now  planted  with  a young  culture 
of  the  colon  bacillus  and  incubated  fortv-eight  hours.  If  there  is 
no  muscle  sugar  present  the  growth  stops  sharply  at  the  closed  end 
without  gas  production  and  the  reaction  of  the  medium  in  the  closed 
and  open  arms  is  about  the  same. 

Test  tubes  are  also  filled  and  the  final  reaction  is  taken  from  the 
medium  in  one  of  the  test  tubes  which  were  sterilized.  The  reaction 
is  always  found  to  rise  about  0.1,  due  perhaps  to  the  formation  of  acid 
salts  by  the  heat  of  sterilization. 

Our  strongest  toxines  were  obtained  b}^  adding  the  dextrose  after  the 
final  sterilization  and  at  the  time  of  inoculation,  confirming  the  results 
obtained  by  Hitchens  working  with  Kinyoun. 

The  reaction  of  the  bouillon  used  to  grow  the  diphtheria  culture  is 
yery  important  if  we  desire  to  obtain  a strong  poison.  The  reaction 
of  the  bouillon  we  use,  0.5  per  cent  acid  to  phenol-phthalin,  is  dis- 
tinctH  alkaline  to  litmus. 

The  diphtheria  bacillus  during  the  first  period  of  its  growth  always 
produces  an  increased  acidity  in  the  bouillon.  The  culture  used  in 
this  laboratory  causes  a marked  rise  in  acidit}^  during  the  first  twenty- 
four  or  forH-eight  hours  and  then  a gradual  change  to  alkali  produc- 
tion, so  that  by  the  seyenth  da}^  the  reaction  of  the  culture  has  returned 
to  about  its  original  point,  0.5  per  cent. 

Park  and  AVilliams,  and  also  Theobald  Smith,  haye  shown  that  an 
excess  of  acid  in  the  medium  is  detrimental  to  the  production  of 
strong  poisons.  The  rise  in  acidity  above  noted  amounts  to  1 to  1.5  per 
cent.  The  reaction  of  the  medium  therefore  neyer  becomes  more  acid 
than  1.5  to  2 per  cent,  using  phenol-phthalin  as  an  indicator.  A 
bouillon  which  is  1.5  per  cent  acid  to  phenol-phthalin  is  still  distinctly 
alkaline  to  litmus. 

The  method  as  aboye  described  has  giyen  the  best  results  in  this 
laboratory.  With  it  we  haye,  in  one  instance,  obtained  a toxine  so 
strong  that  0.0008  c.  c.  was  sufficient  to  kill  standard  weight  guinea 


jTxG.  4. — Illustrating  record  kept  of  each  lot  of  bouillon. 
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pigs  within  four  days.  'We  not  infreciuently  obtain  toxines.  the  MLD 
of  which  is  0.005  c.  c.  However,  such  favorable  results  are  not 
always  obtained.  Sometimes  for  several  weeks  in  succession  our 
toxines  have  failed  to  kill  guinea  pigs  in  doses  as  large  as  0.01  c.  c. 

It  must  be  evident  to  anyone  who  has  had  practical  experience  with 
the  manufacture  of  diphtheria  antitoxin  that  there  are  factors  con- 
cerned in  the  production  of  a strong  poison  that  are  not  at  all  under- 


Fig.  5. — Method  of  filtering  the  culture.  Fla.«k  for  storing  the  toxine  in  bulk  with  Maa.sen  nioutli 

piece. 


Stood.  It  is  sometimes  discouraging  to  those  who  take  especial  pains 
to  comply  with  all  the  requirements  believed  to  favor  the  production 
of  strong  toxines  to  find  that  other  laboratories  who  u.'^e  simpler 
methods  obtain,  on  the  average,  poisons  of  equal  and  sometimes  .supe- 
rior toxicity. 

Roux  and  Yersin"  noticed  that  the  toxicity  of  a liquid  increased  more 
rapidly  and  more  regularly  when  the  culture  is  grown  in  the  presence 


o Mace,  £. : Traite  pratique  de  bacteriologie.  pp.  589-590. 
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of  air  frequently  reneAved.  They  passed  filtered  air  across  the  surface 
of  the  culture.  This  procedure,  once  widely  employed,  has  now  been 
generally  abandoned,  it  haA^ing  been  found  that  it  is  sufficient  to  haA^e 
a large  surface  of  the  culture  exposed  to  air.  It  is  now  the  uniA^ersal 
practice  in  almost  all  laboratories  to  groAV  the  toxine  in  shallow  laA^ers 
of  broth  contained  in  flat-bottomed  A’essels  such  as  the  Fernbach  flask. 

Spronck^'  believed  that  the  presence  of  glucose  in  the  bouillon  pre- 
A^ents  the  bacillus  of  diphtheria  from  producing  strong  toxic  sub- 
stances. He  recommended,  in  order  to  eliminate  the  glucose,  to  use 
meat  aged  almost  to  the  point  of  putrefaction.  He  also  recommended 
that  care  should  be  taken  to  use  a peptone  freed  from  glucose  and  the 
addition  to  the  bouillon  of  0.5  per  cent  of  sodium  chlorid  and  a small 
quantity  of  carbonate  of  lime. 

Nicolle^  used  fresh  beef  killed  the  same  morning.  He  added  2 per 
cent  peptone  and  5 per  cent  salt. 

Park  and  Williams^  recommend  the  employment  of  a decidedly  alka- 
line bouillon,  containing  2 to  d per  cent  peptone.  They  obtained  the 
best  results  with  a bouillon  distinctly  neutral  to  litmus  and  then  an 
additional  7 c.  c.  of  normal  soda  per  liter.  Such  a l)ouillon  has  a dis- 
tinct alkaline  reaction  to  litmus. 

MartiiP^  insists  that  the  l^oullion  should  be  made  AAuth  a fluid  peptone 
obtained  from  the  stomachs  of  hogs. 

Spronck,^  in  his  second  process,  reported  success  1)A"  groAving  the 
culture  in  a decoction  of  A^east. 

In  maiiA"  laboratories  a preference  is  gh^en  for  the  simplest  methods, 
using  an  ordinaiy  bouillon  distinctH  alkaline,  following  the  recom- 
mendations of  Park  and  Williams. 

The  methods  used  in  this  laboratoiy,  as  preAUouslA"  described,  are 
large!}"  taken  from  the  experimental  AA^ork  of  Theobald  Smith. 

Neutralization. — The  reaction  is  taken  with  phenol-phthalin  as  an 
indicator  as  follows: 

To  5 c.  c.  of  the  bouillon  add  d5  c.  c.  of  distilled  water  plus  1 c.  c. 
of  a 0.2  per  cent  solution  of  phenol-phthalin  in  95  per  cent  alcohol. 

. . . N . . 

Heat  to  boiling  and  titrate  Avhile  nearly  boiling  AAuth  a solution  of 

«Spronck:  Sur  les  conditions  dont  depend  la  production  du  poison  dans  les  cul- 
tures diphteriques.  Moyen  simple  de  preparer  une  toxine  tres  acti\"e.  yAnn.  de 
rinst.  Pasteur,  IX,  1895,  p.  758. 

^Xicolle:  Preparation  de  la  toxine  diphterique.  <7 Ann.  de  FInst.  Pasteur,  10, 
1896,  p.  333.' 

ePark  & Williams:  The  production  of  diphtheria  toxin.  <Journ.  exper.  med., 
I,  1896,  p.  164. 

Martin:  Production  de  la  toxine  diphterique.  <Ann.  de  FInst.  Pasteur,  12, 
1898,  p.  26. 

^Spronck:  Preparation  de  la  toxine  diphterique;  suppression  de  Femploi  de  la 
Auande.  <Ann.  de  FInst.~ Pasteur,  12,  1898,  p.  701. 
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sodium  hydrate.  The  reaction  is  indicated  by  the  first  appearance 
of  a distinct  rose-red  color,  best  seen  in  a white  porcelain  dish  before 
a well-lighted  window. 

Example:  2.6  c.  c.  of  the  ^ l^aOH  solution  is  found,  necessary  to 

neutralize  5 c.  c.  of  the  bouillon  in  order  to  obtain  the  desired  acidity 
of  0.5  per  cent,  add  2.1  c.  c.  (2.6  — 0.5  = 2. 1),  of  the  normal  soda  solu- 
tion (40  to  1,000)  to  each  100  c.  c.  If  an  acidity  of  1.5  per  cent  is 
desired,  add  1.1  per  100  c.  c.  (2.6  — 1.5  = 1. 1). 

Each  lot  of  bouillon  is  numbered  and  a complete  record  kept  of 
eyery  stag-e  of  the  operation  upon  the  blank  shown  in  fig.  6." 

The  bouillon  is  distributed  in  modified  Fernbach  fiasks.  presenting 
a large  surface  to  the  air  for  pellicle  growth.  Seyen  hundred  and  fifty 
c.  c.  of  the  bouillon  is  placed  in  each  fiask. 

The  freshly  prepared  media  is  inoculated  upon  the  surface  from  a 
twenty-four-hour-old  culture  by  means  of  a platinum  spoon. 

The  fiasks  are  incubated  for  seyen  days  at  37.5°  C. 

They  are  then  remoyed  and  examined  for  purity  by  means  of  coyer 
slips.  All  atypical  growths  are  discarded. 

The  final  reaction  of  the  culture  when  taken  from  the  incubator  is 
taken  for  each  fiask.  This  usually  yaries  from  0.6  to  0.8  per  cent. 
Very  acid  results,  such  as  1.5  or  oyer,  would,  according  to  Smith's 
work,  indicate  the  absence  of  a strong  poison  and  may  be  discarded 
without  further  testing  upon  guinea  pigs. 

The  bouillon  is  now  filtered  through  a pear-shaped,  unglazed  porce- 
lain filter  or  a Berkefeld  candle  by  means  of  a yacuum.  The  arrange- 
ment  for  filtering  the  yirus  is  shown  on  page  38.  This  diagram  also 
illustrates  the  character  of  the  fiask  used  to  store  the  toxine  in  bulk. 
It  is  yery  conyenient  to  draw  ofi'  small  amounts  from  time  to  time  by 
means  of  the  siphon  and  Maasen  nozzle  without  danger  of  contamina- 
tion. The  especially  strong  and  otherwise  suitable  toxines  are  bottled 
from  these  fiasks  without  the  addition  of  an}^  preseryatiye. 

BottUng  and lyi'e^eri'ing. — The  toxine  is  kept  in  bulk  in  the  2 liter 
bottle  shaped  flasks  described  aboye,  and  later  diyided  into  small 
ground-glass  stoppered  bottles  holding  5 and  10  c.  c.  each. 

The  small  bottles  are  filled  to  the  neck  with  the  toxine  and  the 
stopper  inserted  so  that  the  air  is  all  displaced  and  the  fluid  completely 
fills  the  yial. 

A minute  quantity  of  sterilized  liquid  petrolatum  is  touched  to  the 
ground  glass  of  the  stopper  so  as  to  preyen t the  two  surfaces  of  glass 

am  indebted  to  Dr.  Herbert  D.  Pease,  director  of  the  antitoxin  laboratory, 
New  York  State  department  of  health,  for  suggestions  on  the  method  of  keeping 
records  on  the  card  system  shown  in  figs.  4 and  6.  Doctor  Pease  ver^"  kindly  let 
me  have  blanks  used  by  liim,  which  were  modified  to  suit  our  purposes. 


FlU.  (1. — lIliiHtratiiiK  rcconl  kc  |>l  ol' (‘iicli  loxliic. 
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sticking  to  each  other.  As  it  is  probable  that  some  of  these  bottles 
ayUI  be  kept  for  years,  this  may  be  an  important  detail.  The  neck  of 
the  bottle  is  carefully  dried  and  then  quickh"  dipped  into  melted  paraffin 
Avith  a high  melting  point  so  as  to  seal  the  joint  completely  and  preA^ent 
evaporation  or  contamination. 

Each  bottle  is  labeled  and  stored  in  a special  ice  box  kept  at  a con- 
stant temperature  of  5°  C. 

It  Avill  be  seen  that  according  to  this  method  the  toxine  is  kept  in 
absolute  darkness,  free  from  contact  Avith  the  oxygen  of  the  air,  and 
at  an  equable  and  Ioaa'  temperature.  By  the  use  of  the  ordinary  bac- 
teriological precautions  the  addition  of  a preseixatAe  as  toluol  and 
similar  substances  is  rendered  unnecessary. 

' TESTING  THE  TOXINE. 

It  is  first  necessaiy  to  determine  the  minimal  lethal  dose  of  the  tox- 
ine with  approximate  accuracy.  Weak  poisons  are  discarded.  A fresh 
toxine  requiring  more  than  0.01  c.  c.  to  kill  a 250-gram  guinea  pig  is 
too  Aveak  for  the  purposes  of  this  special  AA'ork. 

If  the  preliminary  tests  show  that  the  poison  has  the  required  tox- 
icitAN  its  minimal  lethal  dose  must  then  be  accurately  determined. 
This  may  require  a number  of  animals. 

After  the  absolute  toxicitA^  of  the  poison  has  l)een  determined  it  is 
necessary  to  establish  the  L-fi  and  the  L®  doses.  An  illustration  of 
how  these  doses  aie  obtained  folloAvs.  These  results  are  taken  from 
our  records. 

Tests  to  determine  the  Ld~  dose  of  toxine  Xo.  7. 


Ke.sult.  - * 

1 immunity  unit  +0.19  c.  c.  toxine 

Invariably  causes  late  paralysis,  neA’er 

■ 

acute  death. 

1 immunity  unit  — .20  c.  c.  toxine 

Sometimes  causes  late  paralysis  and 

! sometimes  acute  death. 

1 immunity  unit  + .21  c.  c.  toxine 

Always  causes  acute  death  about  the 

fourth  day. 

1 immunity  unit  + .22  c.  c.  toxine 

Always  causes  acute  death,  usually  on 

the  second  or  third  day. 

The  L-j-  dose  of  this  toxine  is,  therefore,  just  0.21  c.  c. 
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Tests  to  determine  the  L'*  dose  of  toxine  Xo.  7. 


1 immunity  unit  — 0.14  c.  c.  toxine 

1 immunity  unit  -r  -15  c.  c.  toxine 

1 immunity  unit  4-  -16  c.  c.  toxine 

1 immunity  unit  -p  .17  c.  c.  toxine 

1 immunity  unit  — .18  c.  c.  toxine 

1 immunity  unit  — .19  c.  c.  toxine 


Result  at  autopsy  forty-eight  hours  after  inocu- 
lation. 


Xo  visible  reaction. 

Xo  visible  reaction. 

Slightest  possible  congestion  about  car- 
bon particles,  or  no  reaction. 

Apparent  reaction  at  site  of  inoculation. 
Injection  and  edema  at  site. 

I Injection  and  edema  at  site. 


The  L"  dose  of  this  toxine,  therefore,  is  0.16  c.  c. 

These  figures  are  actual  results  obtained  with  our  toxine  Xo.  7. 

If  the  interval  between  the  L+  and  the  L*’  dose  is  greater  than 
IoXjMLD,  the  toxine  contains  too  great  a proportion  of  toxones,  etc.,  < 
and  should  not  be  used  for  testing  the  strength  of  antitoxin.  If  it  were 
possible  to  obtain  ideally  pure  toxines  in  which  the  interval  between 
the  LH-  and  the  L®  dose  was  only  one  minimal  lethal  dose,  our  prob- 
lem would  be  simplified.  Unfortunateh"  such  a poison  has  onh^  once 
been  demonstrated.  However,  by  these  preliminar}^  tests  upon  a 
number  of  poisons  we  select  the  most  suitable  for  the  purposes  of  this 
special  work. 

Having  selected  a suitable  poison,  it  is  now  laid  aside  to  season. 

For  this  purpose  the  toxine  should  be  kept  in  bulk,  so  that  the  process 
will  be  uniform  throughout  the  mixture.^  If  it  is  kept  in  diflused 
light  at.  room  temperature,  the  changes  will  take  place  quicker  than  if 
kept  in  the  ice  box.  At  intervals  of  about  a month  the  toxine  is  tested 
in  order  to  determine  the  rate  of  change.  These  examinations  will 
disclose' the  fact  that  the  toxicity  gradually  diminishes  and  the  L+ 
dose  increases.  These  alterations  take  place  progressively  until  the 
poison  arrives  at  a stage  of  equilibrium.  Here  it  ma}^  remain  for  a 
long  time.  A short  time  before  this  stage  of  equilibrium  is  reached  it 
is  best  to  divide  the  toxine  into  small  bottles,  excluding  the  air,  in  order 
to  guard  against  loss  by  accident  or  contamination,  and  store  the  entire 
lot  in  a cold  place  protected  from  light. 

The  toxine  can  not  be  depended  upon  for  the  purpose  of  testing  the 
antitoxin  until  this  stage  of  equilibrium  is  reached.  After  a varying 
length  of  time  the  toxine  will  again  show  change  in  toxicity,  and  when 
this  second  period  of  change  sets  in  tl\e  toxine  should  be  discarded  as 
no  longer  serviceable  for  the  purposes  of  these  tests. 

As  soon  as  the  toxine  has  reached  its  stage  of  stabilit}"  or  equilib- 
rium, that  is,  when  the  test  dose  remains  constant,  it  is  necessaiw  to 
determine  this  test  dose  (L-b)  with  the  greatest  possible  accuracy. 

The  well-standardized  toxines  used  in  this  laboratory  are  tested 
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against  the  immunity  unit  every  week  or  two  in  order  to  assure  oui- 
selves  that  they  are  not  undergoing  change.  A number  of  carefully 
tested  toxines  are  always  kept  on  hand,  so  that  we  may  have  a double 
test  of  the  serums  we  are  standardizing,  as  well  as  to  guarantee  against 
changes  in  the  toxines  which  mav  set  in  suddenlv. 

The  exact  standardization  of  a toxine  takes  considerable  time  and 
we  therefore  can  not  depend  upon  one  poison.  The  exact  L+  dose 
of  a well-seasoned  toxine  is  the  keynote  of  the  whole  testing  opera- 
tion. Without  this  test  dose  good  results  are  impossible.  Every 
effort  must  be  made  to  obtain  a reliable  poison  that  answers  all  the 
requirements  and,  having  such  a toxine,  to  maintain  it  under  the  most 
careful  conditions  in  order  to  keep  it  in  a state  of  equilibrium  as  long 
as  possible.  As  the  toxine  grows  old  the  tests  naturally  multiply  in 
number  and  increase  its  reliability  for  the  purpose  of  determining  the 
unit  strength  of  antitoxins. 

On  account  of  the  importance  of  the  L+  dose  I exhibit  here  a series 
of  L+  tests  showing  the  character  of  the  results  obtained  bv  the 
poison  after  it  has  gained  its  stage  of  equilibrium. 

Table  ghing  the  results  of  tests  on  Toxine  Xo.  7 for  L—  dose,  using  O.Sl  c.  c.  of  the  toxine 
against  one  immunity  unit,  from  October  24,  1904,  to  December  22,  1904. 


Guinea  pig 
No. 

Time  of 
death. 

Eemarks. 

Guinea  pig 
No. 

Time  of 
death. 

Remarks. 

Dys.  hrs. 

1 

Dys.  hrs. 

395 

3 

0 

1 

859 

2 

20 

Usual  reactions. 

453 

3 

5 

1 

860 

9 

15 

Do. 

454 

5 

15 

903 

3 

7 

544 

3 

9 

i 

904 

3 

16 

545 

3 

21 

905 

6 

2 

546 

3 

5 

948 

3 

9 

547 

3 

18 

949 

3 

2 

601 

5 

16 

950 

3 

18 

602 

9 

17 

Clear  serous  fluid  in  pleu- 

951 

3 

18 

ral  cavities. 

984 

3 

6 

603 

3 

13 

985 

1 

18 

Pneumonia. 

604 

3 

6 

986 

1 

17 

Peritonitis;  serous  exu- 

605 

1 

18 

Omentum,  mesentery,  and 

date;  omentum  very  red. 

broad  ligament  inject-  i 

987 

5 

6 

ed,  etc.  ' 

988 

1 

17 

Pneumonia. 

621 

3 

9 

989 

9 

6 

Clear  serum  in  pleural 

622 

2 

19 

Clear  fluid  in  pleural  cav- 

- 

cavities. 

itv. 

1063 

4 

20 

623 

3 

9 

I 

1064 

3 

0 

624 

3 

14 

: 

1065 

3 

12 

625 

3 

7 

1066 

4 

13 

693 

3 

18 

1067 

3 

8 

694 

4 

11 

1 

1068 

3 

4 

695 

3 

14 

1069 

1 

17 

Pneumonia,  both  upper 

696 

4 

8 

lobes. 

697 

3 

16 

i 

1124 

2 

17 

Spleen  and  liver  show 

750 

3 

19 

sharply  defined  caseous 

751 

2 

12 

Peritoneum  discolored 

areas. 

and  petechise  through- 

1125 

4 

16 

out. 

1126 

3 

17 

752 

2 

12 

Some  peritoneal  reaction 

1127 

5 

17 

and  clear  serum  in  pleu- 

1128 

2 

17 

Usual  reaction. 

rse. 

1129 

3 

6 

753 

2 

14 

Nothing  unusual,  adre- 

1150 

3 

8 

nals  (Tongested,  local  re- 

1151 

1 

19 

Severe  peritoneal  reac- 

action. 

tion. 

754 

■2 

17 

Do. 

1152 

2 

17 

Peritoneal  fat  injected. 

808 

3 

17 

1153 

3 

11 

809 

4 

14 

1154 

2 

16 

Clear  serum  in  pleural 

855 

2 

20 

Usual  reaction. 

cavities. 

856 

4 

4 

1155 

2 

12 

Usual  reaction. 

857 

3 

9 

1156 

3 

11 

858 

4 

4 

1 

1 
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r During-  two  months  covered  b}"  the  table  every  one  of -the  68 
animals  injected  with  0.21  c.  c.  of  this  toxine,  mixed  with  1 immunity 
unit,  died  acutel}".  None  recovered.  Most  of  the  guinea  pigs  died  on 
the  fourth  day.  As  we  usually  inoculate  our  animals  at  about  3 o’clock 
in  the  afternoon,  animals  d}dng  between  three  days  two  hours  and 
four  days  two  hours  will  appear  on  the  autopsy  table  on  the  fourth 
dav. 

Animals  dying  before  the  fourth  da}"  usually  show  at  autopsy  some 
reason  for  this  increase  of  susceptibility. 

The  following  tables  used  for  diluting  our  toxines  for  MLD  and  L+ 
doses  will  be  found  useful: 

TABLES  FOR  DILVTIXG  TOXINES  FOR  MLD. 


First  dilution. 


1+99  = 1:100 


Second  dilution. 

1 of  first  dilution+49  = l:  5000 


1 of  first  dilution+39  = l:  4000 


1 of  first  dilution+29  = l:  3000 


1 of  first  dilution+9  = 1:1000 


1 

c. 

c.=.0002 

1.5 

c. 

c.=.0003 

2 

c. 

c.=.0004 

2.5 

c. 

c.  = .0005 

3 

c. 

c.=.0006 

0.8 

c. 

c.=.0002 

1 

c. 

c.  = .00025 

1.2 

c. 

c.=.0003 

1.6 

c. 

c.  = .0004 

2 

c. 

c.  = .0005 

2.4 

c. 

c.  = .0006 

2.8 

c. 

c.  = .0007 

3.2 

0- 

c.  = .0008 

0.9 

c. 

c.  = .0003 

1 

c. 

c.  = .00033 

1.2 

c. 

c.=.0004 

1.5 

c. 

c.  = .0005 

1.8 

c. 

c.  = .0006 

2.1 

c. 

c.  = .0007 

2.4  c. 

c.  = . 0008 

2.7 

c. 

c.  = .0009 

3 

c. 

c.  = .001 

1. 

c. 

c.  = .001 

1.5 

c. 

c.  = .0015 

2 

c. 

c.  = .002 

2.5 

c. 

c.  = .0025 

3 

c. 

c.  = .003 
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TABLES  FOB  DILUTIXO  TOXIXES  FOB  J7ZZ).— Continued. 


First  dilution. 

1^49  = 1:50 

Secon d d id ution . 

1 of  first  dilution-r-9  = l:  500 

1 

c. 

c.  = .002 

1.5 

c. 

c.  = .003 

2 ' 

0. 

c.=.004 

- 

2.0 

c. 

c.  = .005 

3 

c. 

c.  =1.006 

First  dilution. 

1+29  = 1:30 

Secon  d d Uution . 

1 of  first  dilution— 9 = 1:  300 

0.9 

c. 

c.  = .003 

1 

0. 

c.  = .0033 

1.05 

c. 

c.  = .0035 

1.2 

c. 

c.  = .004 

1.35 

0. 

c.  = .0045 

1.5 

c. 

c.  = .005 

1.65 

c. 

c.  = .0055 



1.8 

c. 

c.  = .006 

1.95 

c. 

c.  = .<>065 

2.1 

c. 

c.  = .007 

2.25 

c. 

c.  = .0075 

2.4 

c. 

c.=.008 

2.55 

c. 

c.  = .0085 

- 

2.7 

c. 

c.=.009 

2.85 

c. 

c.  = .0095 

3 

c. 

c.=.01 

1^99  = 1:100  1 c.  c.  = .01 
1.5  c.  c.  = .015 
'2  c.  c.  = .02 
2.0  c.  c.  = .0:25 
3 c.  c.=.03 

1—49  = 1:50  1 c.  c.=.02 
1.5  c.  c.  = .03 

2 c.  c.  = .04 
2.0  c.  c.  = .05 

3 c.  c.  = .06 
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TABLES  FOR  DILVTIXG  TOXIXES  FOR  J/iD.— Continued. 


l“|-29  — li  30 


.9  c.  c.  = .03 
1.2  c.  c.  = .04 
1.5  c.  c.  =.05 
1.8  c.  c.=.06 
2.1  c.  c.  = .07 
2.4  c.  c.  = .08 
2.7  c.  c.  = .09 
3 c.  c.  = .l 


TABLES  FOR  DILUTLXG  TOXLXES  FOR  L~  DOSE. 


1+19  = 1:20 


1+9  = 1:10 


1 

c. 

c.  = .05 

1.1 

c. 

c.  = .055 

1.2 

c. 

c.  = .06 

1.3 

c. 

c.  = .065 

1.4 

c. 

c.  = .07 

1.5 

c. 

c.  =.075 

1.6 

c. 

c.  = .08 

1.7 

c. 

c.  = .085 

1.8 

c. 

c.  = .09 

1.9 

c. 

c.  = .095 

2 

0. 

c.  = .l 

2.1 

c*. 

c.  = .105 

2.2 

c. 

c.  = .ll 

2.3 

c. 

c.  = .115 

2.4 

c. 

c.  = .12 

2.5 

c. 

c.  = .125 

2.6 

c. 

c.=.13 

2.7 

c. 

c.=.135 

2.8 

c. 

c.  = .14 

2.9 

c. 

c.  = .145 

3 

c. 

<•.  = .15 

1 

c.  c.  = .l 

1.05 

c.  c.  = .105 

1.1 

c.  c.  = .ll 

1.15 

c.  c.  = .115 

1.2 

c.  c.  = .12 
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TABLES  FOR  DILUTING  TOXINES  FOR  L-f-  DO, S’£— Continued. 


1-4-9  = 1:10  1.25  c.  c.  = .125 

1.3  c.  c.=.13 

1.35  c.  c.  = .135 

1.4  c.  c.  = .14 

1.45  c.  c.  =.145 

1.5  Co  c.  =.15 

1.55  c.  c.  = .155 

1.6  c.  c.=.16 

1.65  c.  c.  = .165 

1.7  c.  c.  = .17 

1.75  c.  c.  =.175 

1.8  c.  c.  = .18 

1.85  c.  c.  = .185 

1.9  c.  c.=.19 

1.95  c.  c.  =cl95 

2 c.  c.  =.2 

2.05  c.  c.  = .205 

2.1  c.  c.=.21 
2.15  c.  c.  = .215 

2.2  c.  c.  = .22 

2.25  c.  c.  = .225 

2.3  c.  c.=.23 

2.35  c.  c.  = .235 

2.4  c.  c.=.24 

2.45  c.  c.  = .245 

2.5  c.  c.  =.25 

2.55  c.  c.  = .255 

2.6  c.  c.  = .26 

2.65  c.  c.  = .265 

2.7  c.  c.=.27 

2.75  c.  c.  = .275 

2.8  c.  c.  = .28 

2.85  c.  c.  =.285 

2.9  c.  c.  = .29 

2.95  c.  c.  = .295 


3 c.  c.  — .3 
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TABLES  FOR  DILUTIXG  TOXIXES  FOR  L+  DOSE— Contirmed. 

l+-i=l:o  1 

c. 

c.  = .~2 

1.1 

c. 

c.  = .22 

1.2 

c. 

c.=.21 

1.3 

c. 

c.=.26 

1.1 

c. 

c.  = .28 

1.5 

c. 

c.  = .3 

1.6 

c. 

c.  = .32 

l.T 

c. 

c.  = .31 

1.8 

c. 

c.  = .36 

1.9 

c. 

c.  = .38 

2 

c. 

c.  = .l 

2.1 

c. 

c.  = .12 

2.2 

c. 

c.  = .ll 

2.3 

c. 

c.  = .16 

2.1 

c. 

c.  = .18 

2.5 

c. 

c.  = .5 

2.6 

c. 

c.  = .52 

2.7 

c. 

c.  = .51 

2.8 

c*. 

c.  = .56 

2.9 

c. 

c.  = .58 

3 

c. 

c.  = .6 

: . 1+1  = 1:2  1 

c. 

c.  = .5 

1.1 

c. 

c.  = .55 

1.2 

c. 

c.=  .6 

1.3 

e. 

c.  = .65 

1.1  c. 

c.  = .7 

1.5 

c. 

c.=  .75 

1.6 

c. 

c.=  .8 

1.7 

c. 

c.=  .85 

1.8 

c. 

c.  = .9 

1.9 

c. 

c.  = .95 

2 

c. 

c.  =1 

2227-7— Ko.  21-05- 


THE  ANTITOXIN. 


Preparation. — The  antitoxic  serum  \yas  prepared  at  Parke,  Davis  & 
Co.,  Detroit,  Mich.,  hy  Passed  Asst.  Surg.  John  F.  Anderson,  Assist- 
ant Director  of  the  Hygienic  Laboratory. 

Two  horses  were  selected  which  had  furnished  a reliable  high  potency 
serum.  These  horses  had  been  treated  in  the  usual  manner  by  grad- 
ually increasing  doses  of  the  diphtheria  toxine. 

From  horse  Xo.  781  six  liters  of  blood  were  drawn  on  June  11, 1901, 
at  9 a.  m.  The  blood  was  drawn  into  12  large  test  tubes,  each 
tube  containing  approximately  500  c.  c.  Immediately  after  bleeding 
the  blood  was  placed  in  a room,  the  temperature  of  Avhich  was  about 
25^  C. 

The  next  day,  June  15,  at  8.30  a.  m.,  the  horse  was  again  bled  for  6 
liters,  also  into  12  tubes.  This  blood  was  placed  with  the  lot  drawn 
on  the  11th. 

After  the  blood  had  been  clotted  several  days  the  clear  serum  was 
poured  from  the  21  tubes  into  a special  bottle.  Only  that  serum  which 
was  perfect!}^  clear  and  entirely  free  from  coloring  matter  was  used. 
As  the  serum  did  not  separate  from  this  blood  as  clearh’  as  usual,  only 
1,378  c.  c.  of  serum  were  obtained  from  the  21  tubes.  The  serum  was 
at  once  examined  for  potency  and  found  to  contain  approximately  500 
units.  It  was  also  tested  bacteriologically  for  purity  and  no  growths 
were  obtained  in  bouillon  tubes.  After  the  samples  were  taken  for 
testing,  20  c.  c.  of  pure  chloroform  were  put  into  the  bottle  with  the 
serum,  which  was  then  at  once  placed  in  the  ice  chest  at  a tempera- 
ture of  1.7°  C.  Chloroform  was  added  to  the  serum  to  prevent  any* 
possible  contamination.  All  of  it  of  course  disappeared  with  the 
vacuum  under  the  drying  process. 

On  June  22  evaporation  of  the  serum  was  accomplished  by  bubbling 
di’}^  air  through  the  serum  with  a moderate  vacuum.  The  vacuum 
varied  from  20  to  23  inches.  The  arrangement  for  drying  the  serum 
is  well  shown  in  the  accompanying  illustration  (fig.  7).  The  serum 
was  syphoned  into  the  large  drying  tube  in  small  quantities,  and  the 
warm  air  bubbling  through  rapidH  dried  it  and  at  the  same  time  pre- 
vented the  formation  of  hard  cakes.  The  water  bath  surrounding  the 
tube  containing  the  serum  was  kept  at  about  35^°  C. ; it  varied  from 
32°  to  36°  C.  throughout  the  operation.  The  temperature  of  the  dry 
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air  passed  tlirough  the  serum  was  kept  as  nearly  as  possible  at  33°  C. ; 
it  never  exceeded  35°  C.  The  evaporation  proceeded  with  fair 
rapidity.  At  the  beginnino-  there  was  some  frothy  bubbling,  but  that 
soon  subsided.  The  entire  lot  of  serum  was  dried  in  ten  and  a half 
hours,  drying  in  large  sugardike  flakes.  Very  little  adhered  to  the 
side  of  the  tube  and  there  were  no  hard  cakes. 

The  dried  serum  weighed  25  grams  and  was  readily  powdered  in  a 
sterile  mortar  to  break  up  the  larger  lumps  and  then  placed  in  a spe- 
cial porcelain  grinder  with  porcelain  balls  and  rotated  for  several 
hours.  About  half  a gram  of  the  powdered  serum  was  planted  in  a 
tube  of  bouillon,  which  showed  no  growth  at  the  end  of  four  da  vs. 

Horse  Xo.  590:  This  horse  was  also  bled  on  two  succeeding  da  vs — 
June  20  and  21 — six  liters  being  taken  at  each  bleeding,  as  before. 
The  2d  tubes,  each  containing  half  a liter  of  blood,  were  placed  in  a 
room  with  a temperature  of  approximately  25°  C.  After  clotting- 
two  days  the  serum  was  poured  oli,  only  the  perfectly  clear  fluid 
entirelv  free  from  coloring  matter  being  retained.  From  the  12 
liters  of  blood.  d,127  c.  c.  of  serum  were  obtained.  Samples  were  at 
once  taken  and  tested  for  purity  and  potency,  as  before,  with  satisfac- 
tory results. 

As  soon  as  the  samples  were  taken.  dO  c.  c.  of  pure  chloroform  were 
placed  in  the  bottle  with  the  serum,  which  was  placed  in  the  ice  box 
at  1.7°  C.  Upon  the  same  day  evaporation  of  the  serum  was  begun, 
proceeding  as  above  described. 

The  evaporation  of  this  amount  of  serum  required  25  hours,  the 
temperature  of  the  air  and  water  bath  being  the  same  as  before.  This 
serum  dried  in  large  golden-colored  flakes,  which  were  partly  pow- 
dered in  the  sterile  mortar  and  then  put  into  the  ball  grinder  and 
reduced  to  a fine,  almost  impalpable  powder. 

Four  hundred  and  five  grams  of  the  dried  serum  were  obtaiii^d. 
Half  a gram  was  planted  into  bouillon,  which  showed  no  growth  in 
three  davs.  indicating  that  it  had  remained  free  from  contamination 
throughout  the  operation. 

Bottling  and preseri'ing  the  serum. — The  dried  serum  must  be  kept 
guarded  under  special  conditions  to  prevent  deterioration.  The  oxy- 
gen of  the  air  must  be  excluded  in  order  to  retard  the  process  of  oxi- 
dation, which  rapidly  alters  the  antibodies,  especially  under  the  influ- 
ence of  light.  The  serum  is,  therefore,  always  kept  in  absolute  dark- 
ness. 

The  serum  must  be  perfectly  dry.  It  is  therefore  kept  under  the 
influence  of  phosphoric  anhydrid,  (PgOjj,  as  shown  in  the  accompany- 
ing illustration  (tig.  8).  Further,  the  serum  is  kept  in  a specially  built 
ice  box,  maintained  at  a constant  temperature  of  5°  C.  by  means  of 
circulating  brine. 
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The  little  bulbs  in  which  the  serum  is  preserved,  shown  in  tig.  S, 
are  made  of  amber  glass.  The  following  method  is  used  in  filling  and 

C*  C 

sealing  these  bulbs: 

Cotton  is  first  introduced  in  the  neck  as  far  as  the  constriction. 
Then  about  1 gram  of  phosphoric  anhydrid  is  placed  in  one  of  the 
bulbs.  The  neck  through  which  the  acid  has  entered  the  little 
apparatus  is  now  sealed  ofl'  by  the  blowpipe.  Then  about  1.'2  grams 
of  the  dried  serum  are  placed  in  the  other  bulb.  The  neck,  from  the 


serum  side,  is  connected  with  a vacuum  apparatus,  and  as  soon  as  the 
vacuum  is  sufficiently  high  this  is  also  hermetically  sealed. 

Each  bulb  is  now  sealed  in  a black  box,  which  excludes  the  light, 
and  is  kept  in  the  ice  box  at  5°  C..  as  liefore  stated. 

From  this  arrangement  it  will  be  seen  that  the  powdered  serum  is 
kept  dry.  free  from  contact  with  the  oxygen  of  the  air,  guarded 
against  the  action  of  light,  and  preserved  at  a constant  low  tempera- 
ture. 


cotTon 


Fig.  8. — U-shaped  tubes  used  for  preserving  the  standard  serum.  Exact  size. 


54 


Dissolving  the  dried  serum. — Once  ever}^  two  months,  or  whenever 
it  is  desired  to  test  the  serum,  one  of  these  bulbs  is  broken  and  1 gram 
of  the  serum  carefully  weighed  and  dissolved  in  physiological  salt 
solution  (0.85)  one  part,  Price’s  glycerin  two  parts.  ^ ^ 

Testing. — This  glycerinated  solution  of  blood  serum  is  now  accu- 
rately standardized  in  order  to  determine  its  precise  antitoxic  value  in 
terms  of  Ehrlich’s  immunit}"  unit. 

The  number  of  immunit}"  units  contained  in  a given  quantity  of  the 
serum  is  determined  by  the  test  (L4-)  dose  of  toxine. 

That  quantity  of  serum  necessary  to  add  to  the  L-f  dose  of  the 
toxine  so  that  the  mixture  will  kill  the  guinea  pig  on  about  the  fourth 
day  contains  just  one  immunit}"  unit.  In  the  commercial  testing  of 
serums  in  order  to  have  a coefficient  of  safet}"  it  would  be  safer  to 
require  the  pig  to  live. 

AY  e use  a number  of  toxines,  the  L+  doses  of  which  have  been  veiy 
painstakingh"  ascertained  on  a large  number  of  animals.  The  details 
of  the  technique  by  Avhich  this  part  of  the  testing  is  carried  out  will 
be  found  under  the  caption  “YIethods  used  in  making  the  unit,”  and 
need  not  be  repeated  here. 


THE  METHODS  USED  IN  MAKING  THE  UNIT. 


The  glassware. — The  glassware  employed  in  making  the  immunity 
unit  for  standardizing  toxines  and  antitoxins  is  used  for  no  other  pur- 
pose. To  a certain  extent  the  glassware  used  for  measuring  and 
diluting  the  toxines  is  kept  separate  from  that  used  for  the  serums. 

The  pipettes,  burettes,  graduated  flasks,  and  mixing  cylinders  have 
been  carefully  calibrated  or  standardized  by  the  Bureau  of  Standards, 
to  whom  we  are  under  many  obligations,  not  only  for  this  work  but 
for  suggestions  as  to  the  most  accurate  methods  of  measuring  precise 
amounts  of  fluids. 

So  far  as  possible  all  measurements  are  made  with  “capacit}^” 
instruments.  '‘Outflow”  instruments,  made  ‘‘to  deliv^er”  given 
quantities,  are  only  used  in  the  measurements  of  the  final  dilutions, 
in  which  case  it  is  evidently  impossible  to  use  capacity  pipettes. 

The  glassware  used  for  the  purposes  of  this  special  work  has  been 
calibrated  with  particularly  fine  graduations  that  pass  halfway  or  all 
the  way  around  the  pipette,  burette,  or  neck  of  the  flask. 

The  diluting  fluid  is  measured  in  mixing  cylinders  of  a particular 
design  made  for  me  by  Messrs.  F.  & M.  Lautenschlager,  of  Berlin, 
Germany.  Two  of  these  mixing  cylinders  are  shown  in  fig.  9.  We 
have  a series  of  these  cylinders,  each  measuring  quantities  in  inter- 
vals of  10  c.  c.  up  to  100  c.  c.  The  first  set  of  cylinders  is  graduated 
to  contain  from  0 to  10  c.  c.,  the  next  size  from  10  to  20  c.  c.,  then  20 
to  30  c.  c. , 30  to  40  c.  c. , and  finall}"  90  to  100  c.  c.  It  will  be  noticed 
by  the  illustration  that  these  mixing  cylinders  are  subdivided  into 
tenths,  which  makes  it  possible  to  measure  our  diluting  fluid  with 
great  accuracy.  It  will  also  be  seen  that  the  cylinders  have  neither 
neck  nor  shoulder,  and  that  the  ground-glass  stopper  fits  directly  into 
the  cylinder  without  a constriction.  The  internal  diameter  of  these 
cylinders  is  just  12  mm.,  which  readily  permits  the  introduction  of 
any  one  of  our  pipettes.  The  smaller  pipettes  average  6 to  8 mm,  in 
outside  diameter;  the  larger  ones  do  not  exceed  10  mm.  Attention  is 
also  invited  to  the  fact  that  the  shape  of  the  cylinders  readily  allows 
thorough  mixing  and  cleansing. 

We  also  use  a style  of  mixing  flask,  shown  in  fig.  10,  which  way 
made  for  me  by  the  Arthur  H.  Thomas  Company,  Philadelphia,  Pa. 
The  smaller  flask  is  graduated  to  contain  49  and  50  c.  c. ; the  larger 
flask  is  graduated  to  contain  98,  99,  and  100  c.  c.  As  we  have  frequent 
occasion  to  use  these  quantities,  the  flasks  are  particularly  convenient 
on  account  of  their  simplicity  and  comparative  cheapness.  It  will  be 
noticed  that  the  neck  has  no  shoulder,  or  constriction. 
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Fig.  9. — Special  pattern  mixing  flasks  for  measuring  toxine  and  serum  dilutions. 


Fig.  10. — Capacity  flasks  for  measuring  dilutions  of  toxiue,  etc. 
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In  reading  the  proper  height  of  the  fluid  in  these  flasks  the  bottom 
of  the  meniscus  is  brought  just  to  the  line.  By  holding  a black  sur- 
face, such  as  a piece  of  cloth,  beneath  the  level  of  the  fluid  the  reflec- 
tion makes  the  surface  of  the  fluid  stand  out  clear!}"  as  a single  curved 
line,  doing  away  with  the  annoying  reflections  that  otherwise  prevent 
accurate  readings.  This  black  curve  of  the  meniscus  is  best  seen 
against  a white  background. 

The  use  of  the  ‘‘meniscus  visir  blende”  of  Doctor  Gbckel  greatly 
facilitates  the  accurate  reading  of  burettes,  pipettes,  and  flasks.  This 
little  apparatus  is  exceedingly  simple.  It  ma}"  be  improvised  in  any 
laboratory,  and  will  be  found  very  useful. 

All  the  glassware  used  in  this  work  is  cleaned  by  first  flushing  with 
cold,  then  with  hot  water,  in  order  to  remove  the  gross  dirt.  It  is 
then  bathed  in  a saturated  solution  of  bichromate  of  potassium  in 
concentrated  sulphuric  acid.  The  glassware  is  now  flushed  with  tap 
water  until  all  the  acid  is  removed,  when  it  is  finally  rinsed  in  several 
changes  of  distilled  water  and  allowed  to  dry  in  the  air. 

All  glassware  is  sterilized  by  heat  at  125°  C.  for  one  hour,  and  kept 
under  the  usual  precautions  to  prevent  i)acterial  contaminations. 

AH' the  glassware  used  in  this  work  has  been  standardized  to  contain 
or  to  deliver  fluids  at  20°  C.  instead  of  15°  C.,  because  the  former 
more  nearly  approaches  the  usual  room  temperature  in  this  climate. 
The  serums  and  toxines  are  removed  from  the  ice  chest  a suflicient 
time  before  using  to  allow  them  to  stand  (in  the  dark)  until  thej 
approach  the  room  temperature  before  they  are  measured  out. 

The  dilut eng  fluid. — We  use  “physiological”  salt  solution  (0.85  per 
cent,  sodium  chlorid  C.  P.)  as  our  diluting  fluid  for  all  toxines,  serums, 
etc.  This  salt  solution  is  made  up  in  bulk  with  distilled  water  and 
sterilized  l>y  steam.  It  is  always  used  at  room  temperature. 

Bacterl()le>giccd precceutions. — All  the  work  is  done  under  the  usual 
bacteriological  precautions  to  prevent  contamination.  We  do  not 
observe  the  extreme  precautions  necessary  to  obtain  a pure  culture  of 
an  organism.  The  toxine  and  antitoxin  are  of  course  kept  under  per- 
fectly sterile  conditions  and  all  the  glassware  with  Avhich  they  come  into 
contact  is  clean  and  sterile,  which  appears  sufticient  to  prevent  con- 
taminations entering  the  work  that  would  affect  the  results.  The 
autopsies  made  in  this  laboratory  have  so  far  failed  to  reveal  any  such 
infections  of  the  guinea  pig.  Cultures  were  made  from  151  consecu- 
tive guinea  pigs.  Some  of* the  heart’s  blood  was  inoculated  into  bou- 
illon tubes.  Of  these  tubes  108  i*emained  sterile;  growth  appeared  in 
d6,  as  follows: 

A coccus  in  20 

Motile  bacillus  in 18 

Nonmotile  bacillus  in 5 

Coccus  and  bacillus  in 3 
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A study  of  the  histories  of  the  g'uiuea  pigs  showing  the  presence  of 
bacteria  in  the  blood  disclosed  the  fact  that  most  of  them  were  prob 
ably  either  terminal  or  post-mortem  infections. 

METHOD  OF  USING  THE  PIPETTES. 

In  order  to  obtain  accurate  results  with  pipettes  it  is  important  to 
use  them  in  the  same  wa}^  that  the}"  have  been  calibrated.  This  applies 
both  to  pipettes  which  have  been  graduated  ‘‘to  deliver’'  a given 
volume  as  well  as  to  pipettes  graduated  ‘‘to  contain”  a given  volume. 
If  the  method  by  which  the  pipettes  were  graduated  can  not  readily 
be  obtained  from  the  firm  making  them,  it  will  be  necessary  to  restand- 
arize  them  to  determine  several  points. 

With  delivery  pipettes  it  is  essential  to  know  whether  they  are  to 
be  used  by  blowing  out  the  last  drop  or  by  touching  the  point  of  the 
pipette  to  the  surface  in  order  to  remove  the  last  drop  that  adheres  to 
the  tip. 

The  time  allowed  for  drainage,  after  the  pipette  is  emptied,  varies 
with  the  rate  of  flow  and  also  with  the  standard  methods  used  by  dif- 
ferent countries. 

It  is  furthermore  very  important  in  accurate  work  to  know  whether 
pipettes  have  been  graduated  in  accordance  with  the  Mohr  liter  or  the 
true  (French)  liter. 

The  Mohr  liter  is  the  volume  occupied  by  1 kilogram  of  pure  water 
at  17.5°  C.,  weighed  in  air  against  brass  weights,  the  air  being  under 
normal  pressure  and  at  17.5°  C.  The  volume  of  such  a liter  is 
1,002.36  c.  c. 

The  true  or  so-called  French  liter  is  the  volume  occupied  by  1 kilo- 
gram of  pure  water  at  1°  C.,  the  weighing  being  reduced  to  a vacuum. 
The  volume  of  the  true  liter  may  be  assumed  equal  to  1,000  c.  c. 

Volumetric  apparatus  is  for  convenience  usually  graduated  to  con- 
tain or  to  deliver  true  cubic  centimeters  at  higher  temperatures  than 
1°  C.,  namely,  at  15°,  17.5°,  or  20°  C.,  the  standard  temperature 
being  marked  upon  the  apparatus.  The  difi'erences  between  apparatus 
graduated  on  the  true  and  on  the  Mohr  svstems  are  as  follow"s:^ 

If  standard  at  15°,  Mohr  apparatus  is  larger  by  2.30  c.  c.  per  liter. 

If  standard  at  17.5°,  Mohr  apparatus  is  larger  by  2.36  c.  c.  per  liter. 

If  standard  at  20°,  Mohr  apparatus  is  larger  by  2.42  c.  c.  per  liter. 

In  ordinary  rough-and-ready  work  all  these  refinements  may  be 
disregarded,  but  in  certain  determinations  requiring  great  precision  a 
neglect  of  these  details  may  cause  serious  error. 

These  matters  were  brought  forcibly  to  my  attention  in  the  work 
of  making  the  standard  unit  for  diphtheria  antitoxin. 

« I am  indebted  to  Dr.  L.  A.  Fischer,  Chief  of  the  Division  of  Weights  and 
Measures,  Bureau  of  Standards,  for  these  figures. 
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The  errors  in  usino-  pipettes  may  be  especially  manifest  in  measuring  • 
solutions  of  higher  densit}^  or  greater  viscosity  than  water.  In  fact  it 
is  quite  impossible  to  obtain  even  approximately  correct  results  in 
measuring  such  solutions  as  ghu*erin,  blood  serum,  etc.,  from  delivery 
pipettes.  This  fact  led  Ehrlich  to  use  the  capacity  pipettes  of  von 
Ley  bold  in  measuring  these  substances  in  making  his  unit  for  diphtheria 
antitoxin. 

I have  found  the  methods  which  I shall  now  describe  verv  useful  in 
the  accurate  work  necessarv  in  making  a Government  standard*  and 
believe  their  simplicity  and  accuracy  will  commend  them  to  others. 

Met}i()d  of  'mincj  capacity  pipettes. — The  pipettes  are  fitted  with  a 
rubber  bulb  at  their  upper  end  and  held  in  an  ordinary  retort  stand, 
as  ma}"  be  seen  bv  reference  to  the  illustration  (tig.  12). 

The  rubber  bidb  is  clamped  between  the  jaws  of  the  compressor. 
The  fluid  is  drawn  up  into  or  expelled  from  the  pipette  by  tightening 
or  loosening  the  screw.  By  this  means  we  have  an  al^solute  control 
over  the  height  of  the  column  of  fluid  in  the  pipette.  The  rubber 
bulb  takes  the  place  of  the  suction  usualL  applied  by  the  mouth  and 
is  used  both  to  till  and  to  empty  the  pipette. 

In  using,  the  free  end  of  the  pipette  is  immersed  into  the  fluid  to  be 
measured,  and  by  loosening  the  screw  the  column  of  fluid  is  gradually 
brought  approximateh"  to  the  mark.  The  operation  is  repeated  once 
or  twice  so  as  to  wash  the  pipette  with  the  fluid  to  be  measured,  which 
is  flnally  drawn  a little  above  the  graduation  mark.  Care  must  be 
taken  not  to  wet  the  interior  of  the  pipette  at  ain^  time  during  the 
process  of  measuring  more  than  1 to  2 mm.  above  this  mark,  because 
the  extra  wetted  surface  would  furnish  an  appreciable  error.  By 
holding  the  pipette  in  the  retort  stand  and  using  the  rubber  bulb  as 
shown,  such  accidents  are  much  less  likely  to  happen  than  is  the  case 
AV'hen  the  mouth  is  used  to  suck  the  fluid  up  and  down. 

The  outside  of  the  pipette  is  now  carefullv  wiped  with  a few  thick- 
nesses of  sterile  gauze.  Then  by  placing  the  gauze  to  the  free  end  of 
the  pipette  the  column  of  liquid  may  l)e  slowly  drawn  down  until  the 
meniscus  rests  directly  upon  the  line. 

The  contents  of  the  pipette  are  now  emptied  into  the  diluting  fluid, 
which  has  previously  been  measured  out,  and  the  pipette  must  be 
washed  out  thoroughly  by  drawing  the  fluid  up  and  down  several 
times,  again  using  the  rubber  bulb  for  this  purpose. 

The  flask  containino-  the  dilution  is  now  agitated  so  as  to  obtain  a 
uniform  mixture  of  solution,  and  the  pipette  is  again  washed  in  and 
out  so  that  the  fluid  which  adheres  to  and  remains  in  the  pipette  is  the 
same  dilution  as  the  mixture  in  the  flask.  A larger  quantity  of  dilu- 
tion is  always  made  than  required,  so  that  alicpiot  parts  will  represent 
ver}"  definite  quantities  of  the  original  substances. 
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Fig.  11. — Various  pipettes  used  in  the  work.  1.  A deliyery  pipette,  with  two  etched  bandSi»for  ready 
identification,  graduated  to  blow  out  the  last  drop.  2.  A 1 c.  c.  capacity  pipette.  3.  A 4 c.  c. 
capacity  pipette.  4.  An  Ehrlich  delivery  pipette  graduated  in  hundredths. 


Fig.  12. — Method  of  using  capacity  pipettes. 
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The  whole  process  does  not  take  as  long*  as  the  telling,  and  is  much 
quicker  and  more  accurate  than  the  ordinary  method  of  using  the 
pipettes  with  a free  hand. 

Method  of  using  delivery  pipettes. — The  method  of  using  “’outflow” 
or  “delivery”  pipettes  differs  materially  from  that  of  using  capacity 
pipettes. 

The  rubber  bulb  is  attached  to  the  pipette  as  before,  but  in  this 
case  there  is  a T between  the  bulb  and  the  pipette.  From  this  T a 
small  piece  of  rubber  tubing,  controlled  by  a pinchcock,  is  located,  as 
may  be  seen  by  reference  to  tig.  13. 

The  pinchcock  is  kept  closed  while  the  pipette  is  filled  to  the  proper 
graduation,  which  is  accomplished  just  as  in  the  case  of  the  capacity 
pipettes  described  above. 

By  opening  the  pinchcock  the  contents  of  the  pipette  are  allowed  to 
flow  out.  When  the  last  drop  that  will  flow  out  of  its  own  accord 
escapes,  the  proper  time  is  allowed  to  elapse  for  drainage  and  the 
point  of  the  pipette  touched  to  the  surface.  By  this  procedure  a 
very  constant  quantity  of  fluid  remains  in  the  capillary  tip  of  the 
pipette. 

If  the  pipettes  have  been  standardized  to  blow  out  this  last  drop,  this 
may  be  done  conveniently  by  closing  the  pinchcock  and  compressing 
the  rubber  bulb. 

The  soft  rubber  ear  syringes  sold  at  any  drug  store  make  very  good 
bulbs  for  this  work.  It  is  only  necessary  to  cut  off  a small  portion  of 
the  nozzle  of  the  ear  syringe.  The  thicker-walled  rubber  bulbs  made 
for  Koch  syringes  respond  more  quickly  and  are  more  durable.  The 
illustrations  show  the  rubber  bulbs  attached  directly  to  the  mouth- 
pieces of  the  pipettes.  We  have  found  it  more  convenient  to  bring  the 
bulb  by  means  of  glass  and  rubber  tubing  to  the  base  of  the  retort 
stand. 

I have  used  pipettes  in  accordance  with  these  two  methods  during 
the  past  twelve  months  in  work  with  toxines  and  antitoxins,  and  have 
concluded  that  they  are  quicker,  more  accurate,  and  more  satisfactory 
than  the  old  freehand  technique.  ® 

In  working  out  the  problems  connected  with  the  accurate  methods 
of  measuring  given  volumes  of  toxine  and  antitoxin,  I have  had  the 
help  of  the  Bureau  of  Standards,  and  am  indebted  especially  to  Dr. 
L.  A.  Fischer  and  Mr.  N.  S.  Osborne,  of  the  Bureau,  for  many  useful 
suggestions. 

« This  method  was  demonstrated  at  a meeting  of  the  Society  of  American  Bacte- 
riologists, Philadelphia,  December  27,  1904. 
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Fig.  13. — Method  of  using  delivery  pipettes, 
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METHOD  OF  TNOCULATIXG  THE  ANIMALS. 

The  method  used  for  inoculating  the  ani- 
mals has  been  described  in  Bulletin  No. 
19  of  the  Hygienic  Laboratoiy,  Public 
Health  and  Marine-Hospital  Service,  en- 
titled method  for  inoculating  animals 
with  precise  amounts,”  and  only  the  essen- 
tial features  as  applicable  to  this  work  will 
be  repeated. 

The  syringe  used  for  carrying  out  this 
technique  is  a modification  of  the  old  Koch 
syringe. 

The  needles  are  sterilized  separately  by 
the  usual  method  of  boiling  in  a 1 per  cent 
sodium  carbonate  solution. 

The  needle  is  then  screwed  on  the  barrel 
of  the  syringe  and  the  joint  tested  b}^ 
drawing  some  sterile  salt  solution  in  and 
out  several  times.  If  the  joint  is  tight  and 
the  needle  pervious,  the  outside  is  dried 
with  a little  piece  of  sterile  gauze  and  the 
needle  is  now  plunged  into  a jar  of  steril- 
ized albolene.  The  albolene  acts  as  a tem- 
porary plug,  preventing  any  of  the  finid 
that  is  placed  in  the  syringe  from  escaping 
until  it  is  injected  into  the  animal. 

The  neceSvSaiy  number  of  syringes  are 
prepared,  one  for  each  animal.  In  testing 
diphtheria  toxine  and  antitoxin  we  some- 
times have  a battery  of  fifty  or  sixty  thus 
prepared,  arranged  on  the  rack  as  shown 
in  the  accompan3dng  diagram  (fig.  15). 

The  amount  of  fluid  desired  to  inject 
into  the  animal  is  now  carefully  measured 
directly"  into  the  barrel  of  the  s^ulnge. 
This  is  injected  into  the  animal  and  then, 
without  withdrawing  the  needle,  the  bulb 
is  removed.  The  necessary  quantiH  of 
salt  solution  is  quicklv  run  into  the  bar- 
rel, washing  down  the  sides,  and  this  in 
turn  is  injected  into  the  animal. 

When  the  syringes  contain  fluid  the}^ 
can  not  be  inverted,  as  is  the  case  with  a 
piston  syringe.  It  is  imt  necessaiy,  how- 
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Fig.  15. — A battery  of  12  syringe  barrels  ready  for  use.  The  bottom  shelf  is  of  milk-white  ground  glass  to  show  a leak  and  is  used  to  write  upon. 


ever,  to  hold  them  upright,  as  might  at  tirst  be  supposed.  The}"  may 
be  tilted  to  a greater  angle  than  45°  without  danger  of  the  fluid 
running  out. 

Eaeh  glass  barrel  is  numbered  with  the  number  of  the  experiment 
or  of  the  animal  to  receive  the  injection.  This  is  convenient  and 
avoids  confusion. 

The  syringes  are  prepared  and  tilled  in  a special  room  where  the 
exact  measuring  is  done,  and  the  rack  is  then  found  hand}"  to  carry  the 
syringes  to  the  animal  room  where  the  work  of  injection  is  carried  on. 

In  using  this  method  in  standardizing  diphtheria  antitoxin  it  is  very 
important  to  shake  and  roll  the  syringe  A^ery  actiA^ely  so  as  to  obtain 
an  intimate  mixture  of  the  toxine  with  the  serum. 

The  toxine  is  tirst  measured  into  the  syringe  barrel,  then  the  diluted 
serum.  The  tAvo  are  thoroughly  mixed  by  agitating  the  syringe  and 
the  mixture  alloAved  to  stand  at  room  temperature  in  diffused  light  one 
hour  before  it  is  inoculated  into  the  guinea  pig. 

The  dilutions  are  so  arranged  that  the  guinea  pig  always  receiA"es  a 
total  of  4:  e.  c.  of  fluid,  thereby  insuring  constant  pressure  effects. 

We  ahvays  dilute  our  serums  so  that  the  amount  of  antitoxin  desired 
Avill  be  contained  in  just  1 c.  c.  of 'the  dilution.  It  is  preferable  to 
dilute  the  toxines  so  that  the  amount  of  desired  poison  Avill  be  con- 
tained in  2 c.  c.  or  less  of  solution.  In  this  Avay  we  liaA^e  at  least  1 c.  c. 
left  to  make  up  the  total  of  d c.  c.  Avith  Avhich  to  wash  out  the  syringe 
barrel. 

THE  GUIN'EA  PIG.  ' 

In  this  Avork  much  depends  upon  the  guinea  pig.  Animals  some- 
times shoAv  such  marked  idiosyncracies  in  their  reaction  to  certain 
poisons  that  it  is  remarkable  in  case  of  diphtheria  toxine  that  a guinea 
pig  should  show  comparatively  little  of  this  indiA"iduality.  It  may  be 
stated  ill  general  terms  that  the  guinea  pig  as  a Autal  factor  in  the 
standardization  of  diphtheria  antitoxin  is  quite  as  dependable  as  our 
ordinary  Aveights  and  measures. 

It  is  of  course  necessary  to  use  pigs  under  standard  or  normal  con- 
ditions, of  a definite  weight,  and  approximately  the  same  age.  They 
should  be  bred  from  reliable  stock,  and  fed  and  caged  so  as  to  insure 
Augorous  animals. 

In  order  to  meet  all  the  exacting  requirements  Ave  raise  our  own 
guinea  pigs,  thus  insuring  animals  of  reliable  and  constant  conditions. 
Our  pigs  are  fed  upon  oats  and  green  food  such  as  cabbage,  carrots, 
and  grass  in  season. 

Theobald  Smith  has  recently  shown  that  some  female  guinea  pigs 
give  liirth  to  progeny  all  of  Avhich  seem  to  sIioav  a marked  resistance 

« Smith,  Theobald:  Degrees  of  susceptibility  to  diphtheria  toxin  among  guinea 
pigs.  Transmission  from  parent  to  offspring.  Jour.  nied.  res.,  v.  13  (3),  p.  341. 
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to  the  diphtheria  toxine.  Such  hereditary  influences,  which  would 
serious!}"  affect  the  results,  should  be  guarded  against  elimination 
of  this  stock. 

Weight  of  the  gidnea  pig. — Ehrlich  prescribes  the  use  of  guinea  pigs 
weighing  250  grams.  We  consider  a pig  weighing  anywhere  from 
250  to  280  grams  as  complying  with  this  requirement. 

The  weight  of  a young  guinea  pig  varies  with  the  quantity  of  food 
and  water  taken  and  the  activity  of  metabolism.  We  have  found 
young  hungiy  pigs  to  eat  as  much  as  35  grams  in  a daj".  The  weight  of 
a young  pig  will  ordinarih"  change  from  10  to  20  grams  in  a da}", 
depending  upon  the  food  and  water  taken.  We,  therefore,  always 
weigh  our  guinea  pigs  in  the  morning  before  feeding  time.  We  some- 
- times  use  guinea  pigs  weighing  more  than  280  grams,  but  less  than 
350  grams,  for  our  tirst  work  on  a toxine  or  serum  to  determine  its 
approximate  strength. 

In  our  experience'  a guinea  pig  weighs  about  100  grams  at  birth, 
and  is  between  six  and  eight  weeks  old  before  it  weighs  the  required 
250  grams.  Occasionally,  when  the  mother  gives  birth  to  only  one, 
we  have  found,  under  such  favorable  conditions,  that  this  single 
offspring  may  gain  so  rapidly  as  to  w"eigh  250  grams  before  it  is  four 
Aveeks  old. 

We  do  not  always  haA"e  enough  guinea  pigs  of  our  own  raising 
to  carry  on  the  w"ork.  In  that  case  we  buy  from  reliable  dealers, 
insisting  on  pigs  weighing  less  than  225  grams,  so  that  Ave  never  use 
a pig  that  has  not  been  in  the  laboratory  under  observation  ten  days 
or  two  weeks. 

The  pigs  are  weighed  upon  a spring-balance  scales.  These  scales 
are  sufficiently  accurate,  Aveighing  to  2.5  grams,  and  are  much  quicker 
and  more  convenient  than  pan  balances  Avith  Aveights. 

As  soon  as  the  young  pigs  are  old  enough  to  be  Aveaned  they  are 
divided,  separating  the  males  from  the  females.  Pregnant  female  pigs 
should  not  be  used  in  this  work. 

A pig  haA"ing  been  selected  and  weighed  has  a card  made  for  it  with 
a rough  diagram,  on  which  is  indicated  its  peculiarities  of  color  or 
other  marks.  This  is  a satisfactory  method  of  identifying  the  animal. 
The  character  of  card  is  here  shown  (tig.  16). 

Technupie  of  operation. — The  abdomen  is  shaA"ed  the  day  before 
operation,  clearing  the  site  of  operation  so  that  Ave  may  readily  see 
just  what  Ave  are  doing.  An  area  about  2 inches  in  diameter  is  shaA"ed. 

The  preparation  of  the  animal  card  show  n in  tig.  16,  the  shaving, 
etc.,  is  done  the  day  before  the  operation,  so  that  the  pig  is  not 
handled  more  than  necessary  to  receive  the  injection  on  the  day  of 
the  operation. 

The  pig  is  held  by  an  assistant  and  the  needle  introduced  in  the  left 
flank  from  one-half  to  an  inch  above  the  supraspinous  process  of  the 
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Fig.  16. — Animal  record  card. 
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ileum.  The  needle  is  introduced  its  whole  length  (1.25  inch)  strictly 
subcutaneously  toward  the  middle  line.  This  part  of  the  operation 
is  arranged  so  that  the  point  of  the  needle  will  be  just  about  at  the 
linea  alba. 

It  is  of  the  greatest  importance  to  keep  the  needle  out  of  the  peri- 
toneal cavity,  and  care  must  also  be  'exercised  not  to  pierce  the  skin 
too  superficially,  and  it  is  essential  to  keep  out  of  the  muscles. 

Probabh^  no  part  of  the  entire  procedure  is  more  important  than 
the  inoculation  of  the  toxine  and  antitoxin  into  the  proper  tissue  of 
the  guinea  pig.  By  always  injecting  the  toxine  into  the  same  tissues 
we  insure  three  factors:  (1)  The  rate  of  absorption,  (2)  the  pressure 
eliects  are  relatively  the  same  in  the  same  anatomical  structures,  and  (3) 
the  relation  between  the  toxine  and  the  receptors  of  the  cells  and  body 
juices  is  comparatively  constant  when  the  injection  is  made  into  the  same 
anatomical  structures.  If  any  of  the  toxine  enters  the  peritoneal 
cavit3"  the  rapid  absorption  may  result  in  the  untimely  death  of  the  pig 
with  an  extensive  hemorrhagic  reaction. 

Still  greater  care  must  be  exercised  to  keep  the  toxine  out  of  the 
muscles.  This  point  was  brought  out  bv  Ehrlich  and  has  since  been 
emphasized  bv  S.  J.  Meltzer®  and  eJohn  Auer  in  their  work  ‘*On 
the  rate  of  absorption  from  intramuscular  tissue/'  with  curare  and 
adrenalin. 

It  has  been  shown  that  the  rate  of  absorption  from  muscular  tissue 
is  so  active  that  poisons  injected  into  the  muscles  are  apparenth"  two 
and  three  times  as  strong  as  when  injected  into  the  subcutaneous  tissue. 

Ehrlich  selects  for  the  site  of  injection  the  skin  at  the  median  line 
in  the  region  of  the  xiphoid  process  of  the  sternum,  and  is  careful  to, 
insert  the  needle  pure/v  subcutaneously  b\^  pinching  up  the  skin 
which  is  loose  in  this  region. 

For  the  purposes  of  determining  at  autopsv  the  exact  site  at  which 
the  toxine  and  antitoxin  mixtures  have  been  inoculated, .little  particles 
of  burnt  cork  are  used  by  Ehrlich.  In  this  laboratorv  we  use  a little 
sterilized  powdered  animal  charcoal,  simph"  for  its  convenience. 
Upon  dissection  the  particles  of  carbon  may  plainlv  be  seen  and 
show  the  place  where  the  fluid  was  injected.  This  technique  has  its 
particlar  value  in  determining  the  L®  dose. 

^^'e  have  found  that  if  the  fluid  enters  the  proper  abdominal  la^^er 
it  produces  an  egg-shaped  swelling  parallel  to  and  overlving  the  linea 
alba. 

As  soon  as  the  toxine-antitoxin  mixture  is  injected  into  the  animal 
the  rubber  bulb  is  removed  and  an  assistant  adds  the  necessarv  amount 
of  salt  solution  to  make  up  the  I c.  c.  which,  after  washing  down  the 


« Meltzer  & Auer:  On  the  rate  of  absorption  from  intramuscular  tissue.  Am.  med. 
(abstract),  v.  9 (102),  Jan.  14,  1905,  p.  75. 
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sides  of  the  s^^ringe,  is  in  turn  forced  under  the  skin.  Care  to  avoid 
the  injection  of  an  unnecessaiy  amount  of  air  should  be  taken. 

The  inoculation  should  be  done  rapidly  and  without  unnecessary 
violence,  which  may  affect  the  results.  A trained  assistant  will  hold 
the  guinea  pig,  Avithout  causing  struggling,  and  an  experienced  oper- 
ator will  cause  little  pain  other  than  the  prick  of  the  needle  through 
the  skin. 

Care  must  of  course  be  taken  in  inoculation  that  none  of  the  ffuid 
escapes.  We  do  not  attempt  to  disinfect  the  skin. 

Effect  upon  the  guinea  2>Hf- — After  inoculation  the  guinea  pigs  are 
kept  two  in  a cage  and  not  disturbed  until  the  seA^enth  daA".  Keeping 
man}"  animals  together  in  a pen  may  giA"e  irregular  results,  because 
the  strong  and  lusty  pigs  worry  the  sick  ones  and  may  hasten  their 
end.  Examining  the  pigs  too  often  or  too  roughly  must  also  be 
avoided.  Theobald  Smith  believes  that  palpating  the  edema,  caused 
by  the  reaction  of  the  toxine  at  the  site  of  inoculation,  may  cause  the 
poison  to  break  beyond  the  confines  nature  is  setting  up  as  a barrier, 
and  may  thus  hasten  the  result.  We  haA"e  found  that  there  is  little  to 
be  learned  in  AA-eighing  or  examining  pigs  during  the  first  week,  and 
we  therefore  leaA"e  them  undisturbed  during  this  time.  TheA"  are 
Aveig'hed  on  the  seA^enth  daA"  and  each  week  following  until  the  fourth 
Aveek,  Avhen,  if  gaining  Aveight  and  in  good  condition,  they  are  passed 
from  observation. 

Guinea  pigs  that  show  late  effects  of  toxone^  as  indicated  by  paral- 
ysis, Avill  do  so  some  time  after  the  fourteenth  day  and  before  the 
thirtieth  day  Avith  great  regularity.  The  facts  of  paralysis^,  sloughs, 
ulcers,  etc.,  are  carefully  noted  on  the  records. 

When  an  animal  dies  an  autopsy  is  ahvays  made  in  order  to  insure 
that  the  lesions  are  typical,  and  to  guard  against  the  possibility  of 
infections — pneumonia,  tuberculosis,  pseudotuberculosis,  etc.,  and  to 
insure  the  fact  that  the  toxine  was  not  injected  into  the  muscles  or  the 
peritoneum — Avhich  may  have  rendered  the  animals  more  susceptible. 

The  guinea  pig  shows  a remarkable  constancy  in  its  reaction  to  A"aiy- 
ing  amounts  of  the  diphtheria  poison.  Overpowering  doses  of  the 
toxine — say,  lOOxMLD — almost  iiiA^ariably  kill  the  animals  in  about 
tAventy-four  hours.  It  is  with  the  rarest  exception  that  a guinea  pig 
will  die  as  a result  of  the  diphtheria  poison  in  less  than  twenty  hours. 
Smaller  amounts  cause  the  death  of  the  animal  in  from  thirty -six  to 
forty-eight  hours.  As  we  approach  the  limit  of  the  minimal  lethal 
dose,  or  the  mixture  containing  the  L-j-dose  of  the  toxine  and  one 
immunity  unit,  we  find  one  of  three  results; 

(1)  The  animal  dies  from  acute  poisoning’  on  about  the  fourth  day. 

(2)  The  animal  develops  post-diphtheritic  paralysis  betAveen  the  four- 
teenth and  thirtieth  days. 

(3)  RecoA"ery. 
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The  first  result,  viz,  the  acute  death  of  the  guinea  pig,  is  of  special 
interest  to  us,  because  it  is  the  factor  which  determines  the  strength  of 
the  toxine  and  antitoxin. 

Guinea  pigs  dying  acutely  do  so  with  great  regularity  on  the  fourth 
day,  the  actual  time  averaging  about  three  days  twelve  hours.  Occa- 
sionally guinea  pigs  will  die  between  two  and  a half  and  three  and  a 
half  days  as  a result  of  the  injection  of  a minimal  lethal  dose  or  as  the 
result  of  an  injection  of  the  mixture  of  toxine  and  antitoxin  containing 
the  L+  dose  of  the  former  and  one  immunity  unit  of  the  latter.  In 
these  cases  the  autopsy  will  often  show  a reason  for  this  lack  of  resist- 
ance indicated  by  the  severity  of  the  reaction  and  especially  the  pres- 
ence of  pleuritic  exudates,  or  the  guinea  pig  may  have  pneumonia  or 
some  other  disease.  Occasionally  more  resistant  animals  will  die  on 
the  fifth  day,  rarely  on  the  sixth  day,  and  very  exceptional!}"  on  the 
seventh,  eighth,  or  ninth  days. 

If  the  poison  is  not  sufficient  to  kill  the  animal  acutely  as  above 
described,  paralysis  may  supervene.  The  symptoms  of  paralysis  do 
not  appear  before  the  fourteenth  day  and  usually  show  themselves  in 
the  legs.  The  hind  legs  are  commonly  affected  first.  The  guinea  pig 
not  unusually  recovers  after  marked  paralytic  symptoms,  but  ordina- 
rily the  fore  legs  become  limp  and  useless,  respiration  indicating 
phrenic  involvement  makes  its  appearance,  and  death  supervenes. 


EXAMINATION  OF  SERUMS  MADE  BY  LICENSED  MANUFAC- 
TURERS. 

The  act  of  Congress  approved  «Tuly  1,  1902,  entitled  ‘‘An  act  to 
regulate  the  sale  of  viruses,  serums,  toxins,  and  analogous  products  in 
the  District  of  Columbia,  to  regulate  interstate  commerce  in  said  arti- 
cles, and  for  other  purposes,”  and  the  regulations  framed  thereunder, 
approved  February  21,  1903,  imposed  upon  the  Director  of  the  Hygi- 
enic Laboratory  the  duty  of  examining  vaccines  and  antitoxins  for 
purity  and  potency. 

Accordingly  purchases  are  made  for  the  Hygienic  Laboratory  from 
time  to  time  on  the  open  market  by  officers  of  the  Public  Health  and 
Marine-Hospital  Service  stationed  in  various  parts  of  the  country. 
The  antitoxin  is  always  bought  from  reliable  druggists  who  keep  the 
product  under  proper  conditions  of  light,  temperature,  etc.  Several 
grades  of  diphtheria  antitoxin  made  by  each  licensed  manufacturer 
are  bought  and  sent  to  the  Hygienic  Laboratory  b}^  mail  for  the  pur- 
poses of  these  tests. 

The  serums  are  tested  not  only  for  potency,  but  also  to  determine 
their  freedom  from  contamination  by  foreign  bacteria,  and  finally  to 
insure  the  absence  of  chemical  poisons,  especially  tetanus  toxin.  Note 
is  made  of  the  physical  appearance  of  the  serum,  and  tests  are  made 
to  determine  whether  an  excessive  amount  of  preservative  has  been 
added. 

A careful  memorandum  is  made  of  the  facts  given  by  tfie  manu- 
facturer, as  stated  upon  the  label,  as  to  the  number  of  units  contained 
in  the  package,  and  the  date  beyond  which  the  contents  can  not  be 
expected  beyond  a reasonable  doubt  to  yield  a specific  result.  Note  is 
also  made  of  the  manufacturer’s  compliance  with  the  law  requiring 
that  the  product  be  plainly  marked  with  the  name  of  the  article,  and 
the  name,  address,  and  license  number  of  the  manufacturer. 

Delinquencies  that  occasionally  come  to  light  in  these  examinations 
are  at  once  reported,  to  the  Surgeon-General,  U.  S.  Public  Health  and 
Marine-Hospital  Service,  who  takes  the  necessary  steps  requiring  the 
immediate  withdrawal  of  the  particular  lot  of  serum  froiri  the  market 
and  institutes  measures  to  prevent  a repetition  of  similar  errors. 

In  examining  the  unit  strength  of  antitoxin  sold  by  licensed  manu- 
factures the  first  step  is  to  measure  carefully  the  quantity  of  fluid 
contained  in  the  syringe,  bottle,  or  special  container,  whatever  it  may 
be.  For  this  purpose  the  serum  is  emptied  into  a cylinder  that  has 

(73) 


74 


been  standardized  by  the  Bureau  of  Standards  in  which  the  total 
amount  of  the  serum  may  be  accurately  read  to  the  fractional  part  of 
a cubic  centimeter. 

From  0.5  to  1 c.  c.  of  each  lot  of  serum  is  planted  into  a large  amount 
of  bouillon  in  order  to  dilute  the  preservative.  This  is  incubated  at 
body  temperature  and  any  growth  that  may  appear  is  determined  by 
the  usual  bacteriological  methods. 

The  number  of  units  that  the  serum  contains  is  then  estimated  by 
the  following  procedure: 

If  a syringe  contains  4 c.  c.  of  serum  and  is  labeled  1,000  units  it 
must  of  course  have  at  least  250  units  to  each  cubic  centimeter.  We 
would  then  test  such  a sample  upon  four  or  live  guinea  pigs  to  see 
whether  its  unit  strength  is  above  or  below  the  value  claimed  for  it. 
If  the  strength  of  the  serum  is  10  per  cent  below  that  claimed,  a special 
report  is  made  to  the  Surgeon-General  to  this  etfect.  the  manufacturer 
is  notitied  that  all  the  serum  bearing  this  laboratory  number  must  be 
withdrawn  from  the  market,  and  the  matter  is  investigated. 

The  tests  to  determine  the  strength  of  commercial  serums  sold  upon 
the  open  market  are  made  against  a toxine  that  has  been  very  carefully 
tested  to  determine  its  exact  L+  dose.  Controls  at  the  same  time  are 
always  made  against  both  Ehrlich's  normal  serum  and  the  official 
standard  serum  made  in  this  laboratory.  In  case  of  doubt  oiv  contra- 
dictory results  the  work  is  always  repeated,  making  the  second  tests 
against  the  L+  doses  of  two  toxines. 

As  weak  serums  are  of  doubtful  therapeutic  value,  we  do  not  favor 
the  sale  of  diphtheria  antitoxic  serum  containing  less  than  250  units 
per  c.  c.  If  a serum  bought  on  the  market  contains  less  than  200 
units  per  c.  c.,  the  fact  is  reported  to  the  Surgeon-General,  who 
requests-  its  withdrawal  from  sale  and  a discontinuance  of  the  practice. 

To  determine  that  an  excessive  amount  of  preservative  belonging  to 
the  phenol  gToup  has  not  been  added,  the  following  tests,  modified 
from  similar  tests  suggested  by  Ehrlich,  are  employed: 

It  has  been  found  that  0.5  c.  c.  of  a 0.5  per  cent  solution  of  phenol 
will  kill  a medium-sized  mouse  if  injected  subcutaneously.  The  quan- 
tity of  phenol  contained  in  0.5  c.  c.  of  such  a solution  represents  0.0025 
gram.  It  requires  1 c.  c.  of  a 0.5  per  cent  solution  of  tricresol  to  pro- 
duce the  same  result.  One  c.  c.  of  a 0.5  per  cent  solution  contains 
0.005  c.  c.  of  tricresol.  The  above  facts  have  been  experimentally 
confirmed  in  this  laboratory. 

As  phenol  is  not  used  as  a preservative  in  this  country  for  diph- 
theria antitoxic  serums,  preference  being  given  by  manufacturers  to 
tricresol,  we  inoculate  mice  subcutaneously  with  1 c.  c.  of  their  serum. 
iVIice  so  inoculated  sometimes  show  trembling  and  other  manifesta- 
tions of  tricresol  .poisoning,  which  shows  that  the  serums  contain  very 


Fkj.  17.— Illustrating  record  used  for  testing  the  potency  and  purity  of  diphtheria  antitoxin  bought  on  the  open  market 
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nearh"  this  percentage  of  tricresol.  As  the  serums  practically  never 
contain  an  excess  of  preservatives,  these  inoculations  into  mice  serve 
as  a further  test  for  tetanus  and  other  poisons. 

Finallv,  all  that  is  Ifeft  of  the  serum  is  injected  into  the  peritoneum' 
of  a guinea  pig  in  order  to  discover  the  presence  of  any  virulent  sub- 
stance of  a bacterial  or  toxie  nature. 

These  tests  are  repeated  with  sufficient  frequency  to  establish  the 
fact  that  the  serums  made  by  each  licensed  manufacturer  sold  upon 
the  market  are  pure  and  potent. 

Tables  found  very  useful  for  diluting  the  serum  in  making  these 
tests  follow: 

TABLE  FOB  DILUTIXG  SERUMS  100  TO  500  EXITS  PER  CUBIC 

CEXTUIETER. 


First  dilution . 

1 + 9 = 1:10  1 c.  c.=0.1 

Second  dilution . 

1 of  1st  dil. — 


+ 9 = 1:100  - 

1 

c. 

c. 

= 0.01 

or 

1 — 
10  0 — 

100  units 

per 

c. 

c. 

+ 10  = 1:110 

1 

c. 

c. 

= 0.00999 

or 

1 — 
110  — 

110  units 

per 

c. 

c. 

+11  = 1:120 

1 

c. 

c. 

= 0.00833 

or 

1 — 
12  0 — 

120  units 

per 

c. 

c. 

+12  = 1:130 

1 

c. 

c. 

= 0.00769 

or 

1 — 
13  0 — 

130  units 

per 

c. 

c. 

+ 13  = 1:140 

1 

c. 

c. 

= 0.00714 

or 

1 — 
14  0 — 

140  units 

per 

c. 

c. 

+14=1:150 

1 

c. 

c. 

= 0.00666 

or 

1 — 
15  0 — 

150  units 

per 

c. 

+15  = 1:160 

1 

c. 

c. 

= 0.00625 

or 

1 — 
16  0 — 

160  units 

per 

c. 

c. 

+16=1:170 

1 

c. 

c. 

= 0.00588 

or 

1 — 
17  0 — 

170  units 

per 

c. 

c. 

+17=1:180 

1 

c. 

c. 

= 0.00555 

or 

1 — 
18  0 = 

180  units 

per 

c. 

c. 

+ 18  = 1:190 

1 

c. 

c. 

= 0.00526 

or 

1 — 
19  0 — 

190  units 

per 

c. 

c. 

+19  = 1:200 

1 

c. 

c. 

= 0.005 

or 

1 — 
Jo  0 — 

200  units 

per 

c. 

c. 

+ 20  = 1:210 

1 

c. 

c. 

= 0.00476 

or 

1 — 
2 10  — 

210  units 

per 

c. 

c. 

+ 21  = 1:220 

1 

c. 

c. 

= 0.00454  or 

1 — 
2 2 0 “ 

220  units 

per 

c. 

c. 

+22  = 1:230 

1 

c. 

c. 

= 0.00434  or 

1 — 
2 3 0 — 

230  units 

per 

c. 

c. 

+ 23  = 1:240 

1 

c. 

c. 

= 0.00416 

or 

1 — 
J4  0 — 

240  units 

per 

c. 

c. 

+ 24=1:250 

1 

c. 

c. 

= 0.004 

or 

1 — 
J5  0 — 

250  units 

per 

c. 

c. 

+25  = 1:260 

1 

c. 

c. 

= 0.00384 

or 

1 — 
2 6 0 — 

260  units 

per 

c. 

c. 

+26=1:270 

1 

c. 

c. 

= 0.0037 

or 

1 — 
2 7 0 — 

270  units 

per 

c. 

c. 

+ 27  = 1:280 

1 

c. 

c. 

= 0.00357 

or 

1 — 
2 8 0 — 

280  units  per 

c. 

c. 

+28=1:290 

1 

c. 

c. 

= 0.00345 

or 

1 — 
J9  0 — 

290  units 

per 

c. 

c. 
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TABLE  FOR  DILUTIXG  JSERlAfS  100  TO  500  UNITS  PER  CUBIC 

CENTIMETER— 


Second  dilution — Continued. 
1 of  1st  dil. — 


+ 29  = 1:300 

1 

c. 

c. 

= 0.00333 

or 

1 — 
3 0 0 — 

300  units 

per 

c. 

c. 

+ 30  = 1:310 

1 

c. 

c. 

= 0.00322 

or 

1 — 
3 10  — 

310  units 

per 

c. 

c. 

+ 31  = 1:320 

1 

c. 

c. 

= 0.00312 

or 

1 — 
3 20  — 

320  units 

per 

c. 

c. 

+ 32  = 1:330 

1 

c. 

c. 

= 0.00303 

or 

1 — . 

13  0 — 

330  units 

per 

c. 

c. 

+33  = 1:310 

1 

c. 

c. 

= 0.00291 

or 

1 — 
3 4 0 

310  units 

per 

c. 

c. 

+31  = 1:350 

1 

c. 

c. 

= 0.00285 

or 

1 — 
3 5 0 — 

350  units 

per 

c. 

c. 

+35  = 1:360 

1 

c. 

c. 

= 0.00277 

or 

1 — 
3 6 0 — 

360  units 

per 

c. 

c. 

+ 36  = 1:370 

1 

c. 

c. 

= 0.0027 

or 

1 — 
3 4 0 — 

370  units 

per 

c. 

c. 

+ 37=1:380 

1 

c. 

c. 

= 0.00263 

or 

1 — 

3 8 0 — 

380  units 

per 

c. 

c. 

+38  = 1:390 

1 

e. 

c. 

= 0.00256 

or 

1 — 

3 9 0 ~ 

390  units 

per 

c. 

c. 

+39  = 1:100 

1 

c. 

c. 

= 0.0025 

or 

1 — 
4 0 0 — 

100  units 

per 

e. 

c. 

+10  = 1:110 

1 

c. 

c. 

= 0.00211 

or 

1 — 
4 10  — 

110  units 

per 

c. 

c. 

+11  = 1:120 

1 

€. 

c. 

= 0.00238 

or 

1 — 
4 2 0 ■ 

120  units 

per 

c. 

c. 

+12  = 1:130 

1 

c. 

c. 

= 0.00232 

or 

1 — 
4 3 0 — 

130  units 

per 

c. 

e. 

+13  = 1:110 

, 1 

e. 

c. 

= 0.00227 

or 

_1_  — 
4 4 0 ~ 

110  units 

per 

c. 

o 

• 

+11  = 1:150 

1 

c. 

c. 

= 0.00222 

or 

1 — 
4 5 0 

150  units 

per  c. 

c. 

+15  = 1:160 

1 

e. 

c. 

= 0.00217 

or 

1 — 
4 6 0 ■ 

160  units 

per 

c. 

c. 

+16  = 1:170 

1 

c. 

c. 

= 0.00213 

or 

1 — 
4 7 0 — 

170  units 

per 

c. 

c. 

+17=1:180 

1 

c. 

c. 

00 

O 

CM 

O 

o 

o 

or 

1 — 
4 8 0 — 

180  units 

per 

e. 

c. 

+18  = 1:190 

1 

c. 

c. 

= 0.00201 

or 

1 — 
4 9 0 — 

190  units 

per  c. 

c. 

+19  = 1:500 

1 

c. 

c. 

= 0.002 

or 

1 — 

5 0 0 ~ 

500  units 

per 

c. 

c. 

TABLE  FOR  DILUTING  SERUMS  WO  TO  1,000  UNITS  PER  CUBIC 

CENTIMETER. 


First  dilution. 

1 + 19  = 1:20  1 c.  c.=0.05. 


1 c.  c.  =0.005  or  2^0 


Second  dilution. 

1 of  1st  dil. — 

+ 9 = 1:200 
+10  = 1:220 
+11  = 1:210 
+12  = 1:260 
+ 13  = 1:280 


1 c.  c.  =0.00151  or  2^0 
1 c.  c.  =0.00116  or  aio 
1 c.  c.  =0.00381  or  ggo 
1 c.  c.  =0.00357  or  gio 


200  units  per  c.  c. 
220  units  per  c.  c. 
210  units  per  c.  c. 
260  units  per  c.  c. 
280  units  per  c.  c. 
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TABLE  FOR  DILUTIXG  SERlAfS  SOO  TO  1,000  EXITS  PER  CUBIC 

CEXTIMETER— Continued. 


Second  dll idion — Continued. 
1 of  1st  dil.- — 


+ 14  = 1:300 
+ 15  = 1:320 
+ 16  = 1:340 
+ 17  = 1:360 
+18  = 1:380 

+ 19  = 1:400 
+20  = 1:420 
+21=1:440 
+ 22  = 1:460 
+ 23  = 1:480 

+ 24=1:500 
+ 25  = 1 :520 
+ 26  = 1 :540 
+27  = 1:560 
+ 28  = 1:580 

+29  = 1:6(^ 
+ 30  = 1:620 
+ 31  = 1:640 
+ 32  = 1:660 
+ 33  = 1:680 

+ 34=1:700 
+ 35  = 1:720 
+ 36  = 1:740 
+37= 1 : 760 
+ 38  = 1:780 

+39  = 1:800 
+40  = 1:820 
+41  = 1:840 
+42  = 1:860 
+43  = 1:880 

+44  = 1:900 
+45-1:920 
+46  = 1:940 
+47  = 1:960 
+48  = 1:980 


1 

c. 

c. 

= 0.00333  or 

1 

3 0 0 

— 

300  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00312 

or 

1 

3 2 0 

= 

320  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00294 

or 

1 

3 4 0 

— 

340  units 

per 

c.  c» 

1 

c. 

c. 

= 0.00277 

or 

1 

3 6 0 

360  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00263 

or 

1 

3 8 0 

— 

380  units 

per 

c.  c. 

1 

c. 

c. 

= 0.0025 

or 

1 

4 0 0 

= 

400  units 

per 

e.  c. 

1 

c. 

c. 

= 0.00238 

or 

1 

4 2 0 

z= 

420  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00227 

or 

1 

4 4 0 

= 

440  units 

per 

c.  c. 

1 

0. 

c. 

= 0.00217 

or 

1 

4 6 0 

= 

460  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00208 

or 

1 

4 8 0 

— 

480  units 

per 

c.  c. 

1 

c. 

c. 

= 0.002 

or 

1 

5 0 0 

500  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00192 

or 

1 

5 2 0 

520  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00185 

or 

1 

5 4 0 

540  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00182 

or 

1 

5 6 0 

560  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00172 

or 

1 

5 8 0 

— 

580  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00166 

or 

1 

6 0 0 

600  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00161 

or 

1 

6 2 0 

= 

620  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00156 

or 

1 

6 4 0 

— 

640  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00151 

or 

1 

6 '6  0 

— 

660  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00147 

or 

1 

6 8 0 

— 

680  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00143 

or 

1 

7 0 0 

700  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00139 

or 

1 

7 2 0 

= 

720  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00135 

or 

1 

7 4 0 

= 

740  units 

per 

c.  c.. 

1 

c. 

c. 

= 0.00131 

or 

1 

7 6 0 

= 

760  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00128 

or 

1 

7 8 0 

= 

780  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00125 

or 

1 

8 0 0 

800  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00122 

or 

1 

8 2 0 

— 

820  units 

per 

c.  e. 

1 

c. 

c. 

= 0.00119 

or 

1 

8 4 0 

840  units 

per 

c.  e. 

1 

c. 

c. 

= 0.00116 

or 

1 

8 6 0 

— 

860  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00113  or 

1 

8 8 0 

= 

880  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00111 

or 

1 

9 0 0 

900  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00109 

or 

1 

9 2 0 

920  units 

per 

C;  C. 

1 

c. 

c. 

= 0.00106  or 

9 4 0 

= 

940  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00104  or 

1 

9 6 0 

960  units 

per 

c.  c. 

1 

c. 

c. 

= 0.00102 

or 

1 . 
9 8 0 

= 

980  units 

per 

c.  c. 

1 

c. 

c. 

=0.001 

or 

1 

10  0 0 

= 

+0ot>  units  ])er 

c.  c. 

+49  = 1:1,000 


" SERUM  ANTIDIPHTHERICUM  IN  THE  PHARMACOPCEIA. 

The  next  edition  of  the  United  States  Pharmacopoeia,  being’  the 
eighth  decennial  revision,  1900,  which  is  to  appear  shortly,  will  con- 
tain an  antitoxic  serum  for  the  first  time.  The  serum  will  be  known 
officials  as  antidiphtheric  serum  or  Se7nun  cwiidiplithericvin  and  the 
unit  Avill  be  recognized  as  that  approved  or  established  by  the  United 
States  Public  Health  and  Marine-Hospital  Service. 

The  official  text,  which  has  been  kindly  furnished  by  Professor 
Remington  in  advance,  will  be  as  follows: 

SERUM  ANTIDIPHTHERICUM 

ANTIDIPHTHERIC  SERUM  DIPHTHERIA  ANTITOXIN 

A fluid  separated  from  the  coagulated  blood  of  a horse  Equus  cahal- 
lus  Linne,  immunized  through  the  inoculation  of  diphtheric  toxin. 
It  should  be  kept  in  sealed  glass  containers,  in  a dark  place,  at  tem- 
peratures between  1.5°  and  15°  C.  (10°  and  59°  F.). 

A yellowish  or  yellowish-brown,  transparent  or  slightlv  turbid 
liquid,  odorless  or  having  a slightodor,  due  to  the  presence  of  the 
antiseptic  used  as  a preservative. 

Specific  gravit}u  1.025  to  1.010  at  25°  C.  (77°  F.). 

Antidiphtheric  Serum  gradually  loses  its  power,  the  loss  in  one 
year  varying  between  10  per  cent,  and  30  per  cent.  Each  con- 
tainer should  be  furnished  with  a label  or  statement,  giving  the 
strength  of  the  Antidiphtheric  Serum,  expressed  in  antitoxic  units, 
the  name  and  percentage  b}-  volume  of  the  antiseptic  used  for  the 
preservation  of  the  liquid  (if  such  be  used),  the  date  when  the 
Antidiphtheric  Serum  was  last  tested,  and  the  date  beyond  which 
it  will  not  have  the  strength  indicated  on  the  label  or  statement. 

The  standard  of  strength,  expressed  in  units  of  antitoxic  power, 
should  be  that  approved  or  established  b}^  the  United  States  Pub- 
lic Health  and  Marine-Hospital  Service. 

Average  units. 

Immunizing  dose  for  well  persons. —500  units. 

The  onh"  other  pharmacopoeia  officiallv  recognizing  diphtheria  anti- 
toxin is  the  Arzneibuch  flir  das  Deutsche  Reich  (Pharmacopoea  Ger- 
manica),  fourth  edition,  1900.  The  following  is  a translation  of  the 
German  text: 

SERUM  ANTIDIPHTHERICU3I — DIPHTHERIE-HEILSERUM. 

The  blood  serum  of  horses  which  have  been  immunized  against  the 
diphtheria  poison.  It  is  allowed  to  be  sold  in  commerce  b}’  author- 
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ized  manufacturers  only  after  it  has  been  tested  hv  the  Konio-lich 
preussische  Iiistitut  fiir  experimeDtelle  Therapie  zu  Frankfurt  a.  M. 
These  tests  include  the  strength  of  the  serum  in  immunity  units 
(Immuni5irungseinheiten=I.  E.).  the  freedom  from  bacteria,  and  the 
percentages  of  substances  (phenol  or  trikresol).  which  have  been 
added  as  preseiwatives. 

It  is  offered  for  sale  in  both  the  liquid  and  solid  forms. 

Liquid  and  solid  antidiphtheric  serum  are  purveyed  only  in  bottles 
which  are  officially  sealed.  Upon  the  label  is  stated  the  place  of  manu- 
facture. the  antitoxic  value  of  one  cubic  centimeter,  and  the  total  con- 
tents of  the  bottle:  also  the  control  number  and  the  date  on  which  the 
official  control  was  exercised.  These  bottles  are  placed  in  light-proof 
packages  containing  the  same  label:  the  lead  seals  show  an  eagle  or  a 
lion  on  the  obverse  and  the  total  number  of  immunity  units  (I.  E.) 
contained  in  the  bottle  on  the  reverse. 

The  liquid  antidiphtheric  serum  is  a yellow,  clear  fluid  having  at 
most  a very  slight  precipitate:  it  has  the  odor  of  the  preservative  used. 
It  is  put  up  in  bottles  of  various  form  and  color,  the  contents  of  which 
contain  from  100  to  3.000  I.  E.  The  bottles  most  frequently  used  are 
those  containing: 

No.  0=  200  I.  E. 

No.  1=  600  I.  E.  (or  500  1.  E.) 

No.  11=1.000  1.  E. 

No.  111=1.500  I.  E. 

Antidiphtheric  serum  which  contains  more  than  3<)0  1.  E.  in  1 c.  c. 
is  considered  a high  grade  serum. 

The  solid  antidiphtheric  serum  is  a dried  serum  of  high  grade,  and 
contains  at  least  5.00U  I.  E.  in  1 gram.  It  contains  no  antiseptic  or 
other  added  substance.  It  appears  as  a yellowish -white  powder,  solu- 
ble in  ten  parts  of  water,  giving  a solution  which,  in  color  and  appear- 
ance. resembles  the  corresponding  liquid  antidiphtheric  serum. 

•Single  doses  of  from  25o  to  l.OOO  1.  E..  and  containing  2 to  6 c.  c.. 
are  placed  in  white  glass-stoppered  bottles.  The  solution  should  be 
made  with  .sterile  water  in  the  original  bottle,  using  1 c.  c.  for  each 
2.50  1.  E.,  and  .should  be  prepared  fresh  each  time.  The  .solution 
should  be  clear  except  for  little  albuminous  particles,  and  should  be 
used  from  the  original  bottle. 

Serum  with  a marked  permanent  cloudiness  or  an  abundant  precipi- 
tate is  not  allowed  to  be  dispensed  by  the  apothecaries:  also  serums 
with  certain  control  numbers  which  have  been  recalled. 

TO  BE  KEPT  IX  A COOL  PLACE  AXD  PROTECTED  FROM  THE  LIGHT. 


THE  OFFICIAL  METHODS  USED  IN  GERMANY  FOR  TESTING 

DIPHTHERIA  TOXINE  AND  ANTITOXIN. 

The  German  methods  which  follow  have  been  taken  largely  from 
E.  Marx:  Die  Experimentelle  Diagnostik  Seriimtherapie  and  Prophy- 
laxe  der  Infectionskrankheiten,  1902. 

In  Germany  the  governmental  control  of  diphtheritic  serum  is 
effected  through  the  imperial  act  of  December  31,  1891,  which  for^ 
bids  unrestricted  commerce  in  diphtheritic  serum.  The  sale  and  traffic 
in  diphtheritic  serum  is  controlled  by  the  Konigliches  Institut  fiir 
experimentelle  Therapie  zu  Frankfurt  a.  M.,  which  is  designated  as 
the  official  place  of  examination  for  the  Empire.  Apothecaries  are 
allowed  to  deal  onl}^  in  sera  which  are  thus  controlled. 

This  control  naturall}^  begins  at  the  place  of  manufacture  and  con- 
sists of  an  inspection  to  assure  the  use  of  none  but  healthy  horses  in 
the  production  of  serum.  Official  regulations  are  prescribed  concern- 
ing the  animals,  the  injection  of  toxines,  and  the  drawing  of  blood 
from  horses. 

When  a manufacturer  has  several  liters  (3  to  10)  of  tested  serum 
this  quantity  is  brought  to  the  Government  officer  (known  as  the 
Abnahmebeamte)  at  the  place  of  its  manufacture.  At  the  same  time 
exact  data  upon  the  history  of  the  particular  serum  must  be  given. 
The  Abnahmebeamte  takes  a small  quantity  of  the  serum,  places  3 to 
5 c.  c.  in  each  of  six  or  eight  bottles,  which  he  guards  with  a lead  seal, 
and,  attaching  the  necessaiw  labels,  sends  the  bottles  to  the  testing 
station  at  Frankfurt  a.  M.  The  serum  that  remains  at  the  factory  is 
placed  by  the  Abnahmebeamte  under  official  lock  and  key  until  he 
receives  the  results  of  the  tests. 

The  official  testing  of  diphtheria  antitoxin  was  started  in  Germany 
at  the  Institut  fiir  Infectionskrankheiten,  of  Berlin,  February  20, 
1895.“ 

A serum  is  tested— 

(a)  To  see  that  it  is  harmless,  and 
{h)  For  its  antitoxic  value. 

1.  It  must  be  clear  or,  at  most,  have  a very  slight  precipitate. 

2.  It  must  be  free  from  bacteria,  as  tested  by  bacteriological 

methods. 

3.  It  must  not  contain  more  than  0.5  per  cent  of  carbolic  acid 

or  cresoL 

« Ehrlich:  Die  staatliche  controle  des  diphtherieserums.  Ber.  klin.  woch.,  v.  33 
(20),  May  18,  1896,  pp.  441-443. 
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The  institute  for  testino'  the  serum  does  not  determine  in  its  official 
tests  the  exact  antitoxic  value  of  sera  sent  it,  but  determines  by 
means  of  the  L-j-  dose  of  the  test  poison  whether  the  serum  contains 
at  least  the  value  claimed  for  it  by  the  manufacturer.  The  testing 
for  the  sterility  of  the  sera  is  done  in  accordance  with  well  known 
bacteriologic  rules,  by  making  aerobic  and  anaerobic  agar  and  bouillon 
cultures. 

In  order  to  determine  the  amount  of  disinfectants  added  to  the  serum 
white  mice  are  used.  They  are  inoculated  subcutaneously  with  0.5 
c.  c.  of  the  serum.  Solutions  of  carbolic  acid  containing  more  than 

0.5  per  cent  unerringh^  cause,  in  this  amount,  the  death  of  the  animal. 
Finally,  guinea  pigs  are  inoculated  with  10  c.  c.  of  the  serum,  and 
they  must  remain  well. 

If  the  serum  has  complied  with  all  the  official  tests,  it  is  considered 
reliable,  and,  after  due  notification  of  the  fact,  it  is  immediately 
bottled  in  the  presence  of  the  local  official.  It  is  the  dut}"  of  this  officer 
to  seal  each  bottle  with  his  lead  seal.  His  control  is  a guarantv  of  the 
procedure  of  this  part  of  the  process,  and  he  is  responsible  for  the 
proper  labeling  of  the  bottles  that  are  sold  on  the  market. 

A further  control  is  carried  out  in  this  way:  Of  every  test  number 
in  the  testing  institute  six  and  twenty-four  months  afteiuvards  the 
serum  is  again  tested  to  determine  whether  it  contains  the  stated  value 
and  has  not  lost  strength.  Also,  a number  of  hospitals  are  commis- 
sioned, from  time  to  time,  as  they  use  the  bottles  of  serum,  to  test 
them  for  sterility.  Sera  that  lose  streitgth  or  show  bacterial  contami- 
nation are  withdrawn  from  the  market. 

From  experience  gained  in  his  work,  Ehrlich  suggested  the  following 
amendments  to  the  instructions  for  the  testing  of  diphtheria  antitoxin, 
which  were  officially  promidgated  by  the  minister  of  education,  etc., 
on  March  29,  1897: 

1.  A powdered  serum  protected  against  moisture  and  oxygen  serves 
as  the  measure  bv  which  the  strengths  of  other  serums  are  determined. 
This  powdered  serum  is  preserved  in  exactl}^  weighed  quantities  in 
special  vacuum  tubes.  At  this  time  in  the  Institut  the  tubes  contain 
2 grams  each  of  the  diy  powdered  antitoxin,  ^rhich  have  the  value  of 
1,700  times  normal  strength  (1,700  facher  Starke). 

2.  The  serum  is  dissolved  in  a mixture  of  equal  parts  of  a 10  per 
cent  solution  of  sodium  chlorid  and  glycerin,  this  mixture  favoring 
the  stability  of  the  antitoxin.  Eveiw  three  months  a tube  is  opened 
and  a new"  solution  made.  At  present  the  contents  of  the  tubes  pre- 
served in  the  Institut  are  dissolved  in  200  c.  c.  of  the  above-mentioned 
mixture,  wffiich  gives  a test  serum  containing  17  units  in  each  cubic 
centimeter. 

3.  The  present  test  dose  of  toxin  is  determined  by  means  of  an 
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immunity  unit  which  is  contained  in  1 c.  c.  of  the  test  serum  men- 
tioned in  paragraph  2,  diluted  IT  times.  This  quantit}"  (1  c.  c.)  of 
serum  is  mixed  with  increasing-  amounts  of  the  diphtheria  poison,  and 
the  mixture  inoculated  into  a series  of  animals,  in  order  to  determine 
with  the  greatest  possible  accuracw  the  least  amount  sulScient  to  cause 
the  death  of  the  animals  in  the  tirst  four  days.  This  quantit}^  of  the 
diphtheria  poison  is  then  taken  as  the  quantit}"  to  be  used  for  the 
pi’esent  test  dose.  Varying  quantities  of  toxin  are  again  added  to  the 
same  quantity  of  serum  (viz,  1 unit)  in  order  to  determine  a second 
limit,  namely,  that  quantity  of  diphtheria  poison  which  must  be  added 
to  the  serum  in  order  that  the  poison  will  be  exactly  neutralized  as 
indicated  by  inoculating  the  mixture  into  guinea  pigs. 

4.  The  estimation  of  the  strength  of  a diphtheria  antitoxin  is  accom- 
plished b\"  means  of  a test  dose  of  the  poison  (see  paragraph  3)  in  this 
wa}”  The  particular  test  dose — for  example,  0.355  c.  c. — which  is  the 
present  test  dose  of  the  toxin  determined  at  the  Institut,  is  added  to 
or  mixed  with  4 c.  c.  of  a mixture  containing-  one  unit  of  the  above- 
mentioned  serum. 

. As  the  test  dose  of  the  poison  is  determined  against  1 c.  c.  of  a nor- 
mal serum,  or  against  4 c.  c.  of  a one-fourth  normal  serum,  conse- 
quently in  testing  a serum  of  (supposed)  x strength  the  test  dose  of 
poison  is  added  to  4 c.  c of  a ^ dilution  of  that  serum,  or  against 

4 c.  c.  of  a 4^  dilution  of  a serum  of  (supposed)  one  hundred  times 
normal  strength. 

5.  The  mixture  obtained  is  injected  subcutaneously  into  guinea  pigs 
weighing  250  to  280  grams.  If  the  animals  tested  b}"  two  members  of 
the  Instit  it  die  within  the  tirst  four  days,  then  that  particular  serum 
does  not  contain  the  strength  claimed  for  it.  If  the  animals  die  within 
the  fifth  or  sixth  daj^,  then  the  serum  is  exacth"  on  the  limits  of  admis- 
sibility, and  in  order  to  prevent  the  necessity  of  soon  recalling  the 
serum  from  the  market  it  is  recommended  to  the  manufacturer  to  add 

5 to  10  per  cent.  Indurations  that  appear  in  the  test  animals  are  not 
taken  into  consideration  in  this  test. 

An  autopsy  is  performed  upon  animals  that  die,  to  determine  whether 
complicating  diseases  are  present,  such  as  tuberculosis,  pseudotuber- 
culosis, or  pneumonia,  which  may  have  rendered  the  animals  more 
susceptible. 

6.  Either  the  liquid  or  solid  poison  may  be  used  for  testing  as  long 
as  the  two  limits  defined  in  paragraph  3 have  been  properh"  determined 
and  the  difference  between  the  two  limits  does  not  exceed  15  X MED. 
Liquid  poisons  preserved  wdth  toluol  must  be  used  only  under  the  fol- 
lowing conditions: 

(1)  If  after  prolonged  examination  it  is  known  that  the  stability  of 
the  test  dose  is  constant  and  (2)  when  the  test  dose  does  not  exceed 
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1 c.  c.  The  observations  on  the  qualit}^  of  the  test  dose  follow  in  the 
succeeding  paragraphs/* 

7.  The  test  poisons  are,  when  liquid,  to  be  examined  at  least  once  a 
month  upon  culture  media  for. sterility. 

8.  The  test  dose  of  poison  is  to  be  redetermined  every  six  weeks  by 
means  of  the  test  dose  of  serum  in  such  a way  that  both  the  test  dose 
of  the  poison  and  its  neutralizing  point  may  be  determined  anew.  If 
in  these  redeterminations  a considerable  weakening  of  the  test  dose 
develops,  then  the  poison  must  be  considered  as  being  in  dissolution 
and  should  be  replaced  b}^  a new  one. 

9.  The  attention  of  manufacturers  must  be  brought  to  the  fact  that 
the  test  poison  in  small  quantities  is  very  apt  to  decompose;  particu- 
larly a very  short  exposure  to  light  will  cause  an  appreciable  weaken- 
ing. It'is  therefore  recommended  that  they  obtain  every  three  weeks 
a new  poison  from  the  Institut. 


^According  to  my  observations,  to  carry  out  the  test  with  exactness  it  is  not  nec- 
essary for  the  test  dose  to  contain  a maximum  amount  of  poisonous  affinities.  From 
the  viewpoint  of  technique,  old  weakened  poisons  preserved  with  toluol  are  pre- 
ferred, because  after  the  weakening  has  taken  place  they  will  preserve  their  value 
for  years. 
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CHLORIDE  OF  ZINC  AS  A DEODORANT,  ANTISEPTIC, 

AND  GERMICIDE. 


By  Thoma.s  B.  McClixtic, 

Passed  Assistant  Surgeon,  U.  S.  Public  Health  and  IMarine-Hospital  Service. 


INTRODUCTION. 

This  compound  of  chlorine  with  zinc  had  a reputation  as  a deodorant 
and  disinfectant  for  many  years. 

It  was  used  for  this  purpose  in  a more  or  less  empirical  manner 
before  we  were  aware  of  the  existence  of  micro-organisms  or  the 
nature  of  putrefactive  changes  and  long  before  it  had  been  suspected 
that  bacteriology  would  take  the  important  rank  in  the  field  of  science 
that  it  justly  holds  to-day.  At  the  period  when  it  seems  to  have  had 
its  greatest  popularity  in  sanitary  work  the  rationale  of  disinfection 
was  very  poorly  understood.  As  the  existence  of  germs  was  unknown 
at  that  time,  the  word  ••germicide”  was  not  in  use  and  the  terms  deo- 
dorant. antiseptic,  and  disinfectant  were  used  more  or  less  inter- 
changeablv  and  svnonvmouslv.  Even  to-dav  this  is  often  the  case. 
A substance  may  have  practically  no  germicidal  properties,  but  if  it 
has  the  power  to  mask  or  destroy  ofi'ensive  odors  arrsing  from  matter 
undergoing  decay  many  persons  will  class  it  as  a disinfectant. 

This  error  is  often  productive  of  unfortunate  consequences  in 
handling  and  disposing  of  infected  material  and  very  much  augments 
the  difliculties  that  beset  the  sanitarian  in  the  performance  of  his 
duties.  It  is  too  often  observed,  aboard  .ship,  for  instance,  that  the 
master  considers  his  vessel  disinfected  after  using  a small  quantity  of 
one  of  the  various  preparations  sold  on  the  market  as  a disinfectant. 
The  preparation  used  may  or  may  not  have  germicidal  properties; 
but,  assuming  the  former  condition  to  be  the  case,  the  quantity  used 
is  usually  so  limited  that,  as  a rule,  all  that  is  accomplished  is  a cer- 
tain amount  of  deodorization. 

Of  course  there  is.  to  a certain  extent,  a relation  existing  between 
the  terms  in  question,  a disinfectant  usually  being  a deodorant,  but  a 
deodorant  is  by  no  means  always  a disinfectant  or  even  an  antiseptic. 
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Man  naturally  has  an  instinctive  repugnance  to  all  offensive  exhala- 
tions, and  from  the  earliest  times  has  sought  to  overcome  their  presence 
in  some  way,  and  it  is  natural  that  any  substance  giving  promise  in  this 
held  should  gain  more  or  less  popularity. 

Not  manv  vears  ago  the  inhalation  of  foul  odors  was  regarded  as  one 
of  the  principal  etiological  factors  concerned  in  the  transmission  of 
some  of  the  infectious  diseases,  which  may  in  part  account  for  and 
have  justified  the  use  of  chloride  of  zinc. 

There  is  no  doubt  that  the  virtues  accredited  to  chloride  of  zinc  have 
been  acquired  largely  through  what  power  it  may  have  for  remov- 
ing obnoxious  effluvia  and  not  because  of  its  power  to  destroy  micro- 
organisms. 

The  literature  covering  the  experimental  work  that  has  been  done 
with  chloride  of  zinc  for  the  purpose  of  ascertaining  its  antiseptic  and 
germicidal  properties  is  meager,  and  the  results  that  have  been 
published  by  different  investigators  are  not  always  satisfactory  and 
sometimes  contradictory. 


REVIEW  OF  LITERATURE. 

Chloride  of  zinc  as  a deodorant  and  disinfectant  Avas  A'ery  popular 
in  the  British  navy^^  about  the  middle  of  the  last  century,  some  of  the 
naval  medical  officers  stronglv  recommending  its  use  in  the  treatment 
of  dysentery  and  in  preA’enting  the  spread  of  cholera.  It  was  found 
particularly  useful  in  overcoming  the  disagreeable  smells  arising  from 
the  excretions  of  patients  sick  with  these  diseases. 

The  deputy  inspector  of  royal  naval  hospitals  in  Bermuda  published 
a report  in  1851^  in  which  he  regarded  chloride  of  zinc  as  a most' 
powerful  and  instantaneous  deodorant,  and  he,  too.  used  it  with  great 
success  in  OA’ercoming  the  foul  emanations  arising  from  patients  dying 
in  the  wards  in  every  stage  of  the  worst  forms  of  yellow  feA^er.  The 
waAung  of  fiags  moistened  with  the  solution  and  the  employment  of 
other  means  recommended  for  its  use  dissipated  the  foul  air  and 
restored  freshness. 

Concerning  chloride  of  zinc  as  a disinfectant,  the  royal  scientific  depu- 
tation of  medical  officers,^  1856,  states  that  there  is  no  doubt  and  no 
further  research  is  necessary  to  show  that  a solution  of  zinc  chloride 
will  perform  A^ery  good  seiudce  in  protecting  the  bilge  and  preA'enting 

« Royal  XaA'al  lleclical  Reports:  Extracts  from  official  reports  upon  the  effects  of 
chloride  of  zinc  in  deodorizing  offensive  effluvia  from  cesspools,  sewei’s,  etc.,  and  in 
decomposing  poisonous  emanations  from  the  bodies  of  those  affected  by  contagious 
diseases,  5Ied.  Times  and  Gaz.,  London,  1853,  n.  s,  7,  pp.  341-344. 

^Hilditch,  E. : Report  on  deodorizing  and  disinfecting  properties  of  the  chloride 
of  zinc.  Med.  Times  and  Gaz.,  London,  1854,  n.  s.  9,  p.  106. 

^^L'eber  den  Chlorzink  als  Desinfectionsmittel.  Viertelj.  f.  gericht.  und  off.  Medi- 
cin,  Berlin,  1856,  pp.  104-107. 


bilge  water  of  ships  from  putrefying^  and  in  improving  the  smell  of 
water-closets,  etc.,  but  that  it  is  not  to  be  preferred  to  chloride  of 
lime  and  chlorine  in  contagious  diseases. 

In  1ST5  and  1ST6  Pettenkofer  and  Mehlhausen  directed  a number 
of  trials  in  the  German  fleet  upon  the  disinfecting  value  of  zinc  chlo- 
ride. Bilge  water  of  a specitic  gravity  1017  to  1035,  with  a slightly 
alkaline  reaction,  at  a temperature  of  20°  to  30°  C.,  was  treated  with 
a solution  of  50  to  60  per  cent  strength  in  the  proportion  of  1:100  of 
bilge.  A gra^’ish  flocculent  precipitate  rapidly  settled,  leaving  a 
nearly  clear  yellowish  liquid.  All  odor  ceased  and  the  organisms 
seemed  to  be  killed.  At  the  end  of  four  weeks  the  mixture  showed 
no  signs  of  change.  One  part  of  the  solution  to  1,000  of  bilge  caused 
a decrease  in  the  odor;  2 to  1,000  completely  removed  sulphuretted 
hydrogen,  much  reduced  the  rancid  smell,  and  preserved  the  liquid 
for  fourteen  da^^s. 

The  German  cholera  commission  of  1879  * prescribed  zinc  chloride 
for  the  disinfection  of  bilge  water. 

Grace  Calvert  ^ found  that  a solution  of  albumin  to  which  1 per 
mille  of  zinc  chloride  was  added  required  over  forty  da}^s  before 
germs  developed. 

Sternberg in  1881  performed  some  experiments  to  ascertain  the 
germicidal  value  of  chloride  of  zinc.  He  inoculated  three  rabbits 
with  0.5,  1,  and  2.5  per  cent  solutions,  respectively,  that  had  been 
mixed  Avith  the  blood  of  a rabbit  dead  of  mouse  septicemia  {B.  miirl- 
sejytleus)  and  allowed  the  mixture  to  stand  from  20  to  30  minutes  before 
inoculation.  The  rabbit  receiving  the  1 per  cent  solution  was  the  ouIa^ 
one  to  die,  the  other  two  recovering. 

Koch‘S  in  1881  did  some  ex])erimental  work  with  zinc  chloride  on 
account  of  the  reputation  it  had  as  a disinfectant.  It  was  considered  an 
efficient  disinfectant  in  the  proportion  of  one  part  in  1,000. 

In  his  experiments  he  found  that  the  Micrococcus  prodigiosus  Avas 
not  injured  in  the  least  after  two  days’  exposure  in  a percentage  of 
l:l,O00.  He  did  not  observe  any  diflerence  in  the  results  of  similar 
experiments  with  a percentage  of  1 : 100  for  the  flrst  16  hours'  expos- 
ure, but  after  this  time  observed  that  the  power  to  develop  Avhen 
tra)isplauted  was  somewhat  diminished  as  compared  with  the  controls. 
The  Micrococcus  prodigiosus  Avas  not  entireh^  killed  after  an  exposure 
of  18  hours  in  a percentage  of  1:100. 

The  spores  of  anthrax  and  subtilis  grew  quite  as  A'igorously  after  18 
hours'  exposure  in  this  percentage  as  if  they  had  not  been  exposed. 

«Rideal:  Disinfection  and  preserA’atioii  of  food.  1903,  p.  152, 

^Rideal:  Disinfection  and  preserA’ation  of  food.  1903,  p.  153. 

<^31111.  Xat.  Board  Health  U.  S.  A.  1881,  a*.  3,  p.  21. 

^^Ueber  disinfection.  Mitt.  kais.  gesundh.,  1881,  p.  28. 
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The  following  table  shows  the  results  of  his  experiments  with 
anthrax  spores  exposed  in  greater  percentages  of  zinc  chloride: 


Time  of  exposure  in  davs. 

Pereentasre  ol  zine 

chloride.  1 ■ 3 5 10 

20  ; 30 

5 -f  — ; -r  -r 

9 _L-  _i_  1 ^ 

1 i 

t { 

The  mark  -f  indicates  that  the  spores  taken  from  the  zinc  chloride 
solution  on  the  respective  days  had  undiminished  power  to  develop. 

Anthrax  spores  exposed  on  silk  threads  in  a percentage  of  1:200  of 
zinc  chloride  dissolved  in  blood  serum  retained  their  power  to  develop 
after  dS  hours'  exposure  equally  as  well  as  the  controls.  This  he 
observed  under  the  microscope. 

From  his  experiments  he  concludes  that  ZnClg  in  a percentage  of 
1:20  has  no  power  to  influence  anthrax  spores,  so  far  as  their  develop- 
ment is  concerned,  after  an  exposure  of  one  week. 

He  further  concludes  that  it  is  a fact  that  zinc  chloride  has  no 
marked  power  to  prevent  micro-organic  growth,  and  that  it  is,  indeed, 
incomprehensible  to  him  that  any  considerable  disinfecting  value 
could  be  ascribed  to  this  substance. 

F.  Bouillat^'  recognized  zinc  chloride  as  a good  antiseptic,  but  found 
that  a 5 per  cent  solution  did  not  kill  the  spores  of  anthrax.  To  blood 
seiuun  and  egg  albumen  diluted  with  two  to  four  times  their  volume 
of  water  he  added  zinc  chloride  and  observed  that  it  coagulated  the 
albumen,  forming  an  insoluble  zinc  albuminate,  and  that,  provided 
enough  of  the  salt  be  added  to  unite  with  the  whole  of  the  albumen, 
no  growth  can  take  place.  In  his  experiments  with  this  zinc  albumi- 
nate he  also  observed  that  it  has  some  power  for  inhibiting  bacterial 
growth  and  the  development  of  foul  odors. 

MiqueF  placed  chloride  of  zinc  in  his  class  3 of  substances  as 
■’strongH  antiseptic"  and  states  that  1.9  parts  in  1.000  will  prevent 
putrefaction  in  neutral  beef  bouillon.  He  places  it  in  the  same  class 
with  permanganate  of  potash,  chloroform,  cyanide  of  potash  and  car- 
bolic acid.  He  also  states  that  1.9  parts  of  zinc  chloride  is  equivalent 
to  3.2  parts  of  carbolic  acid  for  preventing  putrefactive  changes  in 
neutral  beef  bouillon. 

Sternberg^  says:  **In  the  writer's  experiments  1:200  destroyed 
Jlic'rococcus  Pasteuri  in  2 hours,  but  a 2 per  cent  solution  was  required 
to  kill  pus  cocci  in  the  same  time:  spores  of  Bacillus  anthracis  were 
not  destroyed  by  2 hours'  exposure  in  a 10  per  cent  solution,  but  a 

«Beitriige  ziir  lehre  von  der  antisepsis,  1882. 

^Les  organismes  A'ivants  de  Tatinosi^here.  1883. 

c Text-book  of  bacteriology,  1891,  p.  195. 
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solution  of  5 per  cent  killed  the  spores  of  Bacillus  subtiUs  in  the  same 
time.*’ 

The  disinfecting*  solution  devised  by  Dr.  C.  B.  Dudley^*  consists  of 
a neutral  solution  of  chlorides  of  copper  and  zinc  and  mercuric  chlo- 
ride put  up  in  8 ounce  bottles  and  securely  corked.  Each  bottle  con- 
tains 2,d00  grains  of  zinc  chloride,  120  grains  of  cupric  chloride,  10.5- 
grains  of  mercuric  chloride,  and  10  drops  of  an  equal  mixture  of 
terbene  and  spirits  of  turpentine.  According  to  Sedgwick,^  who 
examined  it  for  its  e^licienc3^  the  chloride  of  copper  is  added  to  fix  the 
sulphureted  hydrogen  and  the  zinc  chloride  on  account  of  its  deodor- 
izing properties.  Sedgwick  found  the  disinfectant  an  efficient  germi- 
cide, killing  the  spores  of  B.  suhtilis  and  B.  anthracis  in  a few  minutes, 
but  did  not  observe  that  the  zinc  chloride  materially  contributes  to  its 
value  as  a disinfectant. 

Sternberg^  states  that  solutions  of  chloride  of  zinc  are  largelv  used 
in  this  country  and  in  Europe  for  disinfecting  purposes.  It  is  an 
excellent  antiseptic  and  deodorant,  but  its  power  to  destroy  disease 
germs  has  been  very  much  overestimated.  It  may,  however,  be  relied 
upon  for  the  destruction  of  pathogenic  organisms,  in  the  absence  of 
spores,  in  solutions  which  contain  from  5 to  10  per  cent  of  the  salt. 

On  page  20  of  the  same  essav  he  further  states  that  •‘chloride  of  zinc 
in  10  per  cent  solution  may  be  used  to  disinfect  the  dejecta  of  those 
sick  with  cholera  or  typhoid  fever,  or  sulphate  of  copper  in  a solution 
of  the  same  strength  (10  per  cent),  the  amount  of  the  solution  used 
being  equal  to  the  amount  of  material  to  be  disinfected.” 

Under  the  name  of  •’Burnettls  disinfecting  fluid” chloride  of  zinc 
has  had  an  extensive  use  in  England.  This  fluid  contains  froin  40  to 
50  per  cent  of  zinc  chloride. 

In  Belgium  infected  clothes  are  boiled  in  a solution  or  a mixture  of 
240  grams  of  zinc  sulphate  and  120  grams  of  salt  dissolved  in  a pail  of 
water.  ^ 

The  diversit}^  of  opinion  and  results  of  investigators  concerning  the 
value  of  chloride  of  zinc  as  a disinfectant  is  apparent,  and  it  was  for 
the  purpose  of  determining  the  real  merits  of  chloride  of  zinc  as  a 
deodorant,  antiseptic,  and  germicide  that  this  work  was  undertaken. 

Achnoideclgment.  — To  Dr.  M.  J.  Rosenau,  Director  of  the  Hygienic 
Laboratory,  I am  gratefully  indebted  for  assistance  and  suggestions 
in  the  performance  of  this  work. 

R.  R.  specifications  for  disinfectant  Xo.  27. 

Technology  quarterly,  v.  6 (2),  July,  1893. 

^Sternberg:  Lomb  Prize  Essay — Disinfection  and  individual  prophylaxis  against 
infectious  diseases,  p.  19.  Revised  edition,  1899. 

f^Rideal:  Disinfection  and  preservation  of  foods,  1903. 

^Rideal:  Disinfection  and  preservation  of  food,  1903,  p.  345. 
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PHYSICAL  AND  CHEMICAL  PROPERTIES. 


According  to  the  United  States  Pharmacopoeia,  chloride  of  zinc 
(ZnClg),  as  found  on  the  market,  is  a white,  granular,  friable,  translu- 
cent powder  or  porcelain-like  masses,  irregular,  or  molded  into  pencils, 
odorless,  and  of  such  intensely  caustic  properties  as  to  make  tasting 
dangerous  unless  the  salt  be  diluted,  when  it  has  an  astringent,  metallic 


taste. 

It  is  very  deliquescent,  and  owing  to  its  hygroscopic  character  should 
be  kept  in  bottles  closed  with  paraffin.  It  is  possessed  of  dehydrating 
powers,  removing  oxygen  and  hydrogen  from  organic  matter  in  the 
form  of  water,  which  probably  accounts  for  what  influence  it  exerts 
as  an  antiseptic  and  germicide.  It  is  soluble  in  about  0.3  part  of 
water  at  15°  C.,  forming  a clear,  viscid  solution,  which  on  boiling 
deposits  a basic  salt. 

It  is  practically  impossible  to  obtain  zinc  chloride  entirely  free  from 
basic  salt,  and  the  U.  S.  Pharmacopoeia  prescribes  the  limit  of  this  by 
directing  that  1 drop  of  hydrochloric  acid  shall  clear  up  opacity  caused 
in  5 c.  c.  of  a 5 per  cent  aqueous  solution  of  the  salt  by  the  addition  of 
an  equal  volume  of  alcohol. 

In  somewhat  aqueous  solutions  zinc  chloride  undergoes  partial  hydrol- 
ysis, the  precipitate  consisting  of  basic  or  hydroxy-chlorides,  e.  g. , 


ZnCl,+H,0  =HC1+Zu|^|^. 


This  flocculent  precipitate  can  be  cleared 


by  the  careful  addition  of  dilute  hydrochloric  acid. 

The  U.  S.  Pharmacopoeia  requires  that  the  official  salt  contain  not 
less  than  99.81  per  cent  of  zinc  chloride.  This  can  be  determined  by 
dissolving  0.3  gram  of  dry  chloride  of  zinc  in  10  c.  c.  of  water  and 
adding  2 drops  of  chromate  of  potash,  when  it  should  require  II.  1 c.  c. 
of  a decinormal  silver  solution  to  produce  a permanent  red  color. 

^Vhen  heated  to  115°  C. , zinc  chloride  fuses  to  a clear  liquid.  At  a 
higher  temperature  it  is  partly  volatilized  in  dense,  white  fumes  and, 
in  part,  decomposed,  leaving  a i*esidue  of  zinc  oxide. 

The  aqueous  solution  turns  blue  litmus  paper  red. 

A 5 per  cent  solution  produces  no  corrosive  action  on  iron,  brass, 
wood,  or  caoutchouc,  and,  it  is  said,  does  not  rot  ordinary  fabrics,  but 
causes  a reddening  and  smarting  sensation  when  applied  to  the  skin. 

Linen  threads  and  hair  are  not  apparently  afl'ected  after  thirty  daj^s 
exposure  in  a 100  per  cent  solution  of  zinc  chlorid,  but  the  same 
strength  solution  gradually  destrovs  cotton  and  silk  threads.  This 
destruction  is  so  complete  at  the  end  of  ten  or  eleven  days  that'  no 
evidence  of  the  presence  of  these  materials  in  the  solution  is  observable. 

The  Pharmacopceial  solution  of  zinc  chloride  (liquor  zinci  chloridi) 
has  a specific  gravity  of  about  1.535  at  15°  C.  and  contains  about  50 
per  cent  by  weight  of  the  salt.  ' 
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It  is  practically  identical  with  Burnett's  disinfecting  fluid. 

In  the  preparation  of  the  percentages  of  zinc  chloride  used  in  the 
following  work  100  per  cent  solution  was  first  prepared  by  adding 
enough  distilled  water  to  a given  number  of  grams  of  the  diy  zinc 
chloride  to  make  the  same  number  of  cubic  centimeters  of  solution, 
e.  g'.,  to  100  grams  of  diy  zinc  chloride  sufficient  water  was  added  to 
make  100  c.  c.  of  solution.  This  solution  was  kept  as  a stock  from 
which  the  weaker  dilutions  were  made. 

PROPERTIES  AS  A DEODORANT. 

Chloride  of  zinc  is  capable  of  combining  with  hydrogen  sulphide, 
ammonia,  and  other  ofi'ensive  products  of  putrefaction,  forming  com- 
pounds that  are  comparativeh^  odorless;  hence,  zinc  chloride  is  a 
deodorant.  It  is  probable  that  this  property  is  more  or  less  responsi- 
ble for  its  historical  reputation  as  a disinfectant. 

Zinc  chloride  unites  with  the  ammonia  given  off'  from  organic  matter 
undergoing  decay  to  form  ammonium  chloride,  zinc  Iwlroxide,  and 
various  other  compounds.  With  hydrogen  sulphide  it  unites  to  form 
zinc  sulphide,  but  the  union  is  so  feeble  that  it  is  rather  easih^  broken 
up  again  into  hydrogen  sulphide,  etc.  As  the  sulphide  of  copper  is 
a more  stable  compound  than  the  sulphide  of  zinc,  chloride  of  copper 
is  sometimes  used  for  the  purpose  of  tixing  the  hydrogen  sulphide. 

Experiments  were  performed  to  ascertain  the  value  of  chloride  of 
zinc  as  a deodorant.  Its  properties  as  a deodorant  w^e  also  observed 
and  noted  in  the  experiments  that  were  conducted  to  determine  its 
antiseptic  powers. 

Erlenme}^er  flasks  were  partly  filled  with  definite  quantities  of  sew- 
age (human  excreta,  stable  manure,  etc.)  and  varying  definite  quanti- 
ties of  zinc  chloride  added  in  order  to  determine  its  deodorizing 
powers.  As  this  property  is  a more  or  less  variable  one  depending 
upon  time,  temperature,  and  kind  and  quantity  of  organic  matter 
present,  one  series  was  kept  at  room  temperature  and  another  placed 
in  the  incubating  room  at  a temperature  of  37^  C.  The  zinc  chloride 
was  added  in  strengths  varving  from  1 : 10,000  to  1 : 50.  It  was  observed 
that  when  zinc  chloride  was  added  to  the  above  solutions  in  a propor- 
tion as  little  as  1 part  in  10.000  a slight  dimunition  of  the  odor  was  at 
once  perceptible.  This  became  more  marked  as  the  proportion  of 
zinc  chloride  was  increased  until  in  the  strength  of  1:300  only  slight 
odor  could  be  detected.  In  a strength  of  1:200  the  odor  was  practi- 
cally destroyed. 

In  the  series  allowed  to  stand  at  incubator  temperature  the  deodor- 
izing power  gradualW  diminished.  At  the  end  of  ten  days  a slight, 
but  not  disagreeable,  odor  was.  present  in  dilutions  of  1:50,  increasing' 
in  the  higher  dilutions  until  in  strengths  of  1:300  the  odor  became 
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offensive.  In  the  ffasks  kept  at  room  temperature  the  changes  were 
similar  to  but  not  so  marked  as  in  the  incubator  series. 

Zinc  chloride  is  still  less  efficient  as  a deordant  in  the  presence  of 
organic  matter  of  vegetable  nature.  Some  flasks  were  prepared  as 
above  with  the  addition  of  particles  of  vegetable  matter,  such  as  cab- 
bage, etc.,  and  kept  at  room  temperature.  In  the  flasks  containing 
dilutions  of  1:300  the  odor  gradually  increased  as  the  vegetable  matter 
underwent  decay  until  about  the  seventh  day.  when  the  odor  was  very 
offensive.  Xo  odor  was  appreciable  in  strengths  of  1:50. 

In  dilutions  of  1 : 200  the  vegetable  matter  was  preserved  at  the  end 
of  11  da}"s  and  the  odor  was  very  mild  in  comparison  with  the  odor 
from  the  flasks  containing  the  dilutions  of  1 : 300.  In  those  flasks  that 
contained  a less  percentage  of  zinc  chloride  than  1:200  the  degree  of 
odor  and  the  time  necessary  for  decay  and  disappearance  of  the  veg- 
etable matter  varied  inversely  as  the  proportion  of  zinc  chloride  added. 

The  deodorizing  value  of  zinc  chloride  was  next  determined  in  the 
presence  of  less  organic  matter  than  the  above  experiments.  For 
this  purpose  ordinary  bouillon  was  inoculated  with  garden  earth  con- 
taining various  organisms  and  allowed  to  stand  at  room  temperature, 
under  which  conditions  chloride  of  zinc  will  inhibit  the  production  of 
foul  odors  in  strengths  of  about  1:500. 

ANTISEPTIC  PROPERTIES. 

For  this  purpose  Erlenmeyer  flasks  of  about  100  c.  c.  capacity  were 
partly  tilled  with  nutrient  bouillon  and  the  zinc  chloride  added  in  vari- 
ous delinite  percentages. 

When  prepared  in  this  way  the  chloride  of  zinc  produces  a white  ' 
flocculent  precipitate,  which,  on  standing,  settles  to  the  bottom,  leav- 
ing the  upper  portion  of  the  liquid  its  original  straw  color  and  making 
it  possible  to  observe  any  bacterial  growth  that  may  take  place.  The 
quantity  of  this  precipitate  varies  directly  as  the  quantity  of  chloride 
of  zinc  added. 

The  flasks  having  been  prepared  in  this  way  were  abundantly  inocu- 
lated with  different  materials  rich  with  organisms  such  as  wisps  of 
hay,  fresh  stable  manure,  garden  earth,  etc.,  and  placed  at  room  tem- 
perature. From  day  to  day,  up  to  the  end  of  the  fourteenth  day,  the 
appearance  of  molds  and  bacterial  growths  was  observed.  In  case  of 
doubt  as  to  bacterial  growths,  hanging  drop  preparations  were  exam- 
ined under  the  microscope. 
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Some  of  the  results  mav  be  observed  in  the  followino-  tables: 

c5 


Table  A. — Restraining  pov:er  o f zinc  chloride  prepared  in  bouillon  and  contaminated  with 

wisps  of  hay — Kept  at  room  temperature. 


[+  means  bacterial  growth;  — means  no  bacterial  growth:  s.  m.  means  surface  mold:  b.  m.,  mold  on 

the  bottom;  0 means  no  growth  of  any  kind. 


Percentage 

used. 

Daj^  on  which  growth  appeared. 

Second. 

Third. 

Sixth. 

Seventh. 

Tenth. 

Eleventh.' 

Twelfth. 

Four- 
teenth. ' 

1 : 1000.... 
1:500 

s.  m.  — 
s.  m.  — 
0 
0 
0 
0 
0 

§ 

0 

s.  m,  + 
s.  m.  -p 
s.  m.  — 
0 
0 
0 
0 

s 

0 

1 ;300 

s.  m.  -r 
0 
0 
0 
0 

s 

0 

1 :200 

1 

. o o o o o o 

n 

s.  m.  -f 

0 

0 

0 

0 

1 :100 

1 : 75 

1:50 

1:45 

1:40 

1 :35 

s.  m.  — 
s.  m.  — 
0 
0 
0 
0 

a Mold. 
0 
0 
0 

s.  m.  — 

s.  m. 

« Mold. 
0 
0 
0 

fl  This  was  only  mold  on  head  of  hay  and  was  really  not  in  the  solution. 


Table  B. — Restraining  power  of  zinc  chloride  prepared  in  bouillon  and  inoculated  u'ith 

garden  earth — Kept  at  room  temperature. 


I 

Percent- 
age used. 

Day  on  which  growth  appeared. 

Second. 

Third. 

Fourth. 

Fifth. 

Sixth. 

Seventh. ; Tenth. 

Thir- 

teenth. 

Four- 

teenth. 

1:1000.. 

s.  m.  + 

1:500... 

s.  m.  -f 

1 

1:300... 

0 



s.  m.  — 

1 

1:200... 

0 

0 

0 

s.  m.  — 

s.  m.  -i- 

1:100... 

0 

0 

0 

s.  m.  — 

s.  m.  — 

1:75 

0 

0 

0 

0 

0 

b.m.  — 

b.  m.  — 

1:50.... 

0 

0 

0 

0 

0 

0 s.  m.  — 

s.  m.  — 

1:45 

0 

.0 

0 

0 

0 

0 s.  m.  — 

s.  m.  — 1 

1:40.... 

0 

- 0 

0 

0 

0 

0 : 0 

0 

b.m.  — 

1:35.... 

0 

0 

0 

0 

0 

0 0 

0 

0 ; 

1 

Table  C. — Restraining  power  of  zinc  chloride  prepared  in  bouillon  and  contaminated 

vAth  stable  manure — Kept  at  room  temperature. 


Percent- 
age used. 

Day  on  which  growth  appeared. 

Second. 

Third. 

Fourth. 

Fifth. 

Eighth. 

Tenth. 

Elev- 

enth. 

Twelfth. 

Four- 

teenth. 

1:1000.. 

1:500... 

1:300... 

1:200... 

1:100... 

1:  75 

1:50.... 
1:45.... 
1:  40.... 
1:35.... 

s.  m.  + 
0 
0 
0 
0 
0 
0 
0 
0 

- 0 

s.  m.  — 

0 

0 

0 

0 

0 

0 

0 

s.  m.  — 
0 
0 
0 
0 
0 
0 
0 

s.  m.  — 
0 
0 
0 
0 
0 
0 

s.  m.  -f 
0 
0 
0 
0 
0 
0 

b.  m. 
0 
0 
0 
0 
0 

b.  m.  — 
b.  m.  — 
b.  m.  — 
b.  m.  — 

b.  m. 

0 

b.  m.  — 
0 
0 
0 
0 

b.  m.  — 
b.  m.  — 
b.  m.  — 
0 

These  experiments  were  repeated  and  the  results  verified. 

In  these  experiments  it  will  be  observed  that  the  minimum  strength 
of  chloride  of  zinc  that  inhibited  the  growth  of  molds  for  11  davs  was 
about  1 part  in  10,  varying  slightly  with  the  character  of  the  material 
used  for  contamination.^  The  strength  that  prevented  bacterial  growth 
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in  the  above  experiments  was  between  1:200  and  1:100,  while  further 
and  similar  experiments  showed  that  a percentage  of  1:125  inhibits 
bacterial  growth  for  21  da}’s,  but. a growth  occurred  on  the  fourteenth 
day  in  a percentage  of  1:150. 

It  must  be  remembered  that  the  antiseptic  property  of  a substance 
varies  more  or  less  with  light,  character  of  medium  used,  and  the  tem- 
perature, the  relative  importance  of  these  factors  increasing  in  the 
order  named.  The  influence  of  diffused  light  is  comparatively  feeble. 
The  condition  of  the  medium,  independent  of  the  presence  of  the  sub- 
stance whose  antiseptic  value  is  being  determined,  is  an  influential 
factor.  A strongh^  alkaline  or  acid  medium  is  usually  inimical  to  the 
growth  of  bacteria,  and  the  nutrition  may  not  be  favorable  for  the 
development  of  the  micro-organisms  present.  A low  temperature  will 
inhibit  bacterial  growth  and  a high  one  destroy  bacterial  life. 

Experiments  were  performed  with  sewage  to  determine  the  quantit}" 
of  zinc  chloride  necessary  to  prevent  the  development  of  bacteria.  A 
series  of  flasks  was  prepared  with  an  average  sample  of  sewage.  Zinc 
chloride  varying  in  proportion  from  1:500  to  1:40  was  added  to  this 
series  of  flasks,  which  were  placed  at  room  temperature.  A slight 
cloudiness  appeared  on  the  tenth  day  in  the  flasks  of  sewage  containing' 
a percentage  of  1:500  of  zinc  chloride. 

Another  series  of  flasks  was  prepared  by  mixing  equal  quantities  by 
volume  of  sewage  and  tap  water.  These  were  also  kept  at  room  tem- 
perature, and  it  was  found  under  these  conditions  that  in  the  per- 
centage of  1:500  of  zinc  chloride  a bacterial  growth  developed  on 
the  fourteenth  day. 

In  a third  series  of  flasks  containing  sewage  and  nutrient  bouillon  in 
equal  volumes  and  kept  at  room  temperature  as  above  it  was  found 
that  a bacterial  growth  developed,  indicated  by  the  clouding  of  the 
bouillon,  on  the  fifth  day  in  the  flask  containing  zinc  chloride  in  the. 
strength  of  1:200,  but  not  in  a strength  of  1:100  in  14  days. 

The  organic  matter  in  the  flasks  referred  to  above  was  soon  precipi- 
tated after  adding  the  zinc  chloride,  and  this  was  particularly  the  case 
when  the  zinc  chloride  was  in  quantity  approximately  sufficient  to 
inhibit  bacterial  growth.  This  precipitate,  or  residue,  was  at  first 
brownish  in  color,  but  soon  became  more  or  less  bleached.  The 
bleaching  was  more  apparent  in  those  flasks  receiving  sufilcient  zinc 
chloride  to  inhibit  bacterial  development,  but  was  observed  to  a cer- 
tain extent  in  all  the  flasks,  the  degree  of  which  varied  directly  with 
the  quantit}^  of  zinc  chloride  present. 

After  the  precipitate  in  these  flasks  settled  to  the  bottom  the  super- 
natant liquid  was  practically  clear  and  transparent,  and  when  the  zinc 
chloride  was  in  quantity  sufficient 'to  prevent  micro-organic  develop- 
ment it  gradually  assumed  a straw  color  resembling  nutrient  bouillon. 

Further  work  was  done  with  these  same  flasks  in  order  to  determine 
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j a-  the  condition  of  this  supernatant  liquid  and  residue  as  regards  sterility. 
''  I In  order  to  ascertain  this,  inoculations  were  made  from  the  super- 
. j,  natant  portion  af  each  flask  by  transferring  with  a sterile  pipette  1 or 
' 5 drops  of  it  to  nutrient  bouillon  and  placing  it  in  the  incubator  at 

37°  C.  Considering  the  absence  of  growth  under  these  conditions  as 
J evidence  of  sterility,  the  following  tables  will  show  the  results  obtained 

I with  the  supernatant  portion  of  the  ditferent  series  of  flasks  containing 

A^arious  percentages  of  zinc  chloride: 

« Table  A. — Germicidal  influence  upon  the  supernatant  liquid  when  zinc  chloride  is  added 

to  ordinary  sewage  and  kept  at  room  temperature. 


[—  means  growth;  — means  no  growth.] 


Percentage  ZnClo. 

Time  of  exposure  in  days. 

6. 

7. 

9. 

10.  12. 

14.  i 

1:500  

+ 

+ 

T-  — 

+ 

1:200  

J_ 

+ 

+ 

~ “T 

-U 

1:100  

+ 

+ 

+ 

_ "T 

— 

1:75 

-j- 

_L_ 

_1_  

— 

1:50 

-r 

-U 

P 

— 



1:45 

-r 

g- 

1:40 

-U 

1 

Table  B. — Germicidal  influence  upon  the  supernatant  liquid  when  zinc  chloride  is  added 
to  equal  volumes  of  ordinary  sewage  and  tap  water  and  kept  at  room  temperature. 


Percentage  ZnCP. 

Time  of  exposure  in  days. 

6. 

7.  ■ 9. 

10. 

12. 

14. 

1:500  

+ + 

+ 

+ 

1:200  

4“ 

-r  -f 

— 

+ 

+ 

1.100 

+ 

+ -f 

-i- 

+ 

— 

1 : 75  

+ 

+ + 

+ 

— 

— 

1:50 

j_ 

+ 4- 

— 

— 

— 

1:45 

+ 

4~ 

— 

— 

— 

1:40 

+ 

— — 

— 

— 

— 

Table  C.^ — Germicidal  influence  upon  the  supernatant  liquid  ichen  zinc  chloride  is  added 
to  ordinary  sewage  and  bouillon  and  kept  cd  room  temperature. 


From  the  aboA^e  results  it  aauU  be  observed,  as  might  be  expected, 
that  the  microorganisms  remained  Auable  longer  in  the  flasks  contain- 
ing the  most  nutrition,  other  things  being  equal.  The  supernatant 
portions  of  the  two  series  of  flasks  containing  no  nutrient  bouillon 
were  sterile  at  the  end  of  11  days  in  a proportion  of  zinc  chloride  of 
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1:100,  while  in  the  series  to  which  bouillon  was  added  it  was  sterile  at 
the  end  of  the  same  time  (11  days)  only  in  a proportion  of  1:  75. 

Inoculations  from  the  residue,  in  the  bottoms  of  these  same  flasks 
made  into  nutrient  bouillon  in  the  same  wa}^  as  the  above  showed  that 
some  microorganisms,  probably  spore-bearing,  were  still  viable  and 
capable  of  multiplying  in  all  the  flasks  after  standing'll  days.  As  can 
Vje  observed,  the  largest  percentages  of  zinc  chloride  used  in  these 
series  of  experiments  were  1 : 10. 

A series  of  flasks  was  next  prepared  containing  ordinary  sewage,  to 
which  was  added  particles  of  vegetable  matter,  such  as  cabbage,  etc. 
Zinc  chloride  was  added  in  deflnite  quantities  varying  from  1: 1,000  to 
1:10.  The  flasks  were  kept  at  room  temperature.  At  the  end  of  11 
days  the  particles  of  floating  cabbage  were  still  well  preserved  and  the 
supernatant  liquid  was  a straw  color  in  those  flasks  containing  zinc 
chloride  in  a proportion  as  large  as  1:200. 

In  the  flasks  of  this  series  containing  zinc  chloride  in  the  proportion 
as  small  as  1:  300  the  liquid  took  on  a brownish  cloudy  appearance  and 
the  particles  of  cabbag'e  gradually  disappeared.  This  decay  and  dis- 
appearance of  the  vegetable  matter  was  of  course  more  rapid  in  the 
higher  dilutions  of  zinc  chloride. 

In  the  foregoing  experiments  for  ascertaining  the  antiseptic  prop- 
erties of  zinc  chlori^  the  solutions  always  became  decidedly  acid, 
which  has  a certain  tendency  to  inhibit  decav  and  the  growth  of  micro- 
organisms. 

GERMICIDAL  PROPERTIES. 

For  determining  the  germicidal  value  of  chloride  of  zinc  various 
deflnite  percentages  were  prepared  in  distilled  water  and  about  1.5 
c.  c.  of  each  strength  placed  in  a test  tube.  These  were  then  inocu- 
lated by  adding  0.5  c.  c.  of  an  emulsion,  in  distilled  water,  of  the 
organisms  to  be  used,  carrying  over  as  little  organic  matter  as  possible. 

Cultures  of  the  difierent  organisms  used  for  this  purpose  were 
grown  on  agar  slants  for  21  hours  at  a temperature  of  37°  C. 

Plants  were  then  made  in  sterile  bouillon  at  definite  intervals  by 
means  of  a wire  loop.  They  were  then  placed  in  the  incubator  at  a 
temperature  of  37°  C.  and  the  results  noted  from  day  to  day. 

The  results  of  the  germicidal  action  of  zinc  chloride  upon  pure  cul- 
tures of  the  difierent  organisms  used  are  shown  in  the  following  tables: 

[ + means  growth  ; — means  no  growth.] 


BACILLUS  COLI  COMMUNIS. 


Percentage 

Time  of  exposure  in  minutes. 

used. 

5. 

7. 

8. 

10. 

15. 

20. 

25. 

30. 

40. 

50. 

60. 

5 

+ 

+ 

■f 

-f 

+ 

+ 

+ 

“T 

+ 

T" 

10 

+ 

+ 

-1- 

+ 

-f 

+ 

— 

— 

— 

— 

— 

15 

+ 

+ 

s- 

— 

— . 

— 

— 

— 

— 

— 

25 

"t” 

+ 

+ 

— 

i 
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BACILLUS  TYPHOSUS. 


' 

Percentage 

Time  of  exposure  in  minutes. 

used. 

1. 

2.  5.  7. 

10. 

15. 

20. 

30. 

40. 

50. 

60. 

0. 5 

-r  -f  + 

+ 

_J_- 

j_  ■ 

-I- 

+ 

1.0 

+ 

+ + 1 + 

+ 

1 

— 

— 

— 

— 

— 

3.0 

+ ■ + ! -f 

+ 

— 

— 

— 

— 

— 

— 

5.0 

"T” 

+ + ; - 

— 

— 

— 

— 

— 

— 

— 

10.0 

I 

1 

BACILLUS  DYSEYTERI^U  (SHIGA). 


Percentage 

Time  of  exposure  in  minutes. 

1 

used. 

1. 

4. 

5. 

10. 

20. 

30. 

50. 

GO. 

5 

_ 

+ 

+ 

+ 

+ 

+ - 

10 

+ 

O- 

i 

+ 

+ 

T 

+ 

-j_ 

15 

— 

p 

-l_ 

— 

— 

_ 1 

25 

— 

— 

— 

— 

— 

BACILLUS  DIPHTHERI.E. 


■ 

Percentage 

Time  of  exposure  in  minutes. 

used. 

1.  3.  ' 5. 

10.  20.  30.  .50. 

60. 

3 

+ - + : + 

-i- 

5 

in 

t i + + 

+ - . - i - 

— 

25 

1 i 

- — - - 

- 

STAPHYLOCOCCUS  PYOGENES  AUREUS. 


1 Percentage 

Time  of  exposure  in  minutes. 

used. 

5. 

10. 

1.5. 

20. 

30. 

40. 

50. 

60. 

5 

+ 

+ 

+ 

10 

— 

+ 

4- 

+ 

+ 

+ ■ 

— 

15 

+ 

+ 

+- 

— 

> 

— 

— 

25 

+ 

+ 

STAPHA'LOCOCCUS  EPIDERMIS  ALBUS. 


Percentage 

Time  of  exposure  in  minutes.  ' 

used. 

1. 

3. 

5. 

10. 

20. 

30. 

40. 

50. 

60. 

3 

+ 

-r 

+ 

] 

1 

+ 

J- 

5 

“T 

+ 

H" 

+ 

-r 

+ 

— 

— 

10 

+ 

r 

1 

*f 

+ 

— 

— 

— 

— 

15 

1 

_!_ 

1 

+ 

-r 

— 

— 

— 

— 

— 

25 

+ 

+ 

— 

— 

— 

— 

— 

— 

— 

Controls  all  grew  within  24  hours. 
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The  foregoing  results  demonstrate  that  under  the  most  favorable 
conditions  zinc  chloride  is  inefficient  as  a germicide  for  practical  pur- 
poses, as  it  will  be  observed  that  the  pvogenic  organism  Staphylococcus 
jjyogenes  aureus  lives  for  50  minutes  in  a strength  of  10  per  cent  and 
20  minutes  in  a strength  of  25  per  cent. 

Bacillus  coll  couiinunis  was  viable  after  exposure  for  20  minutes  in 
a 10  per  cent  solution  and  after  8 minutes  in  a 25  per  cent  solution. 

The  YUrrio  cholerse  was  killed  in  a 5 per  cent  solution  within  7 min- 
utes and  within  2 minutes  in  a 10  per  cent  strength.  This  is  the  onh^ 
organism  that  was  destroyed  by  a reasonable  strength  in  a reasonable 
time. 

In  the  experiments  for  determining  the  germicidal  action  of  zinc 
chloride  on  the  Bacillus  coli  coriimunis  it  was  desired  to  ascertain 
whether  the  organisms  were  reallv  dead  in  the  time  and  strengths  that 
apparently  were  germicidal  or  simply  overcome  and  still  capable  of 
reviving  in  case  the  zinc  chloride  was  immediatelv  removed  or  neu- 
tralized.  Consequently  some  of  the  organisms  were  treated  with 
ammonium  sulphide  for  a few  seconds,  washed  in  distilled  water,  and 
planted  in  bouillon.  It  was  not  observed,  however,  that  this  appre- 
ciably altered  the  time  required  for  germicidal  action,  indicating  that 
the  organisms  were  really  killed. 

To  ascertain  the  germicidal  value  of  zinc  chloride  in  the  presence  of 
organic  matter  as  compared  with  its  value  in  distilled  water,  experi- 
ments were  performed  with  this  end  in  view. 

Equal  percentages  of  zinc  chloride  were  prepared  in  distilled  water 
and  nutrient  bouillon,  i-espectively.  and  inoculated  with  different 
organisms,  after  which  the  technique  was  the  same  as  above  described. 
The  results  are  shown  in  the  following  tables,  where  comparisons  may 
be  made. 

Table  A. — Germicidal  results  when  the  B.  prodigiosus  was  exposed  in  percentages  of  zinc 

chloride  prepared  in  distilled  water. 


Percentage 

Time  of  exposure. 

ZnClo. 

D min- 

10  min-  20  min- 

45  min-  1 2 

3 5 

7 

utes. 

utes.  utes. 

utes.  hour,  hours. 

hours,  hours. 

hours. 

I 

5 

+ 

-L 

i 1 

+ ' -f 



10 

-r 

“T  + 

+ “ — 

— — 

— 

25 

“I” 

-h  ' - 

— ! — 

Table  A1. — Same  as  Table  A,  ichen  nutrient  bouillon  vxis  used  instead  of  distilled  water. 


Percentage 

Time  of  exposure. 

ZnCh. 

0 min- 

lOmin-  20min- 

45  min- 

1 

2 

3 

5 

7 

18 

utes. 

utes.  utes. 

utes. 

hour. 

hours. 

hours. 

hours. 

hours. 

hours. 

5 

-i-  _L 

_U 

■r 

10 



; 









25 

— 

— — 

— 

■ — 

— 

— 

— 

— 
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* -.Table  B. — Germicidal  results  when  the  B.  pyocyaneus  was  exposed  in  percentages  of  zinc 
; chloride  prepared  in  distilled  vxder. 


Percentage  ZnCL. 

Time  of  exposure. 

10  min- 
utes. 

20  min- 
utes. 

30  min- 
utes. 

2 

hours. 

3 

hours. 

5 

hours. 

7 18 

hours,  hours. 

I 

a 

+ 

-1_ 

+ 

-f 

T- 

10 

+ 

4- 

+ 

+ 

— 

— 

— — 

25 

-e 

+ 

— 

■ 

— 

— 



Table  B1. — Same  as  Table  B,  when  nutrient  bouillon  teas  used  instead  of  distilled  water- 


Percentage  ZnCL. 

Time  of  exposure. 

10  min- 
utes. 

20  min- 
utes. 

30  min- ! 2 

utes.  hours. 

3 

hours. 

5 

hours. 

7 

hours. 

18 

hours. 

5 

-U 

+ 

+ 1 + 

-t- 

-f 

+ 

+ 

10 

-i- 

T- 

-f-  1 -r 

-f 

— 

— 

25 

_i_ 

+ 

~ i “ 

— - 

— 

— 

— 

These  results,  confirmed  by  repeating  several  times,  show  that  when 
zinc  chloride  is  prepared  in  nutrient  bouillon  its  germicidal  value  is 
not  appreciabh"  influenced  by  the  organic  matter  contained  therein  as 
compared  with  its  value  when  prepared  in  distilled  water. 

As  has  already  been  stated,  zinc  chloride  produces  a hea\y  white  pre- 
cipitate when  added  to  nutrient  bouillon.  Consequently  experiments 
were  performed  to  determine  the  relative  germicidal  properties  of  this 
precipitate  as  compared  with  those  of  the  clear  transparent  portion 
that  remains  above.  A 10  per  cent  solution  of  zinc  chloride  in  nutrient 
bouillon  was  prepared  and  allowed  to  settle.  The  clear  supernatant 
portion  was  then  siphoned  off  and  10  c.  c.  of  it  placed  in  a test  tube. 
Ten  cubic  centimeters  of  the  precipitate  was  placed  in  another  test 
tube.  Beth  tubes  were  then  inoculated  with  a 2T-hours-old  agar  culture 
of  Bacillus  pyocyaneus,^  after  which  plants  at  definite  intervals  were 
made  from  each  tube  into  nutrient  bouillon  in  the  usual  way. 

The  results  of  the  inoculations  made  eveiy  hour  show  that  the 
Bacillus  pyocyaneus  was  killed  within  3 hours  in  the  tube  containing 
the  supernatant  portion,  and  within  T hours  in  the  tube  containing 
the  precipitate,  indicating  that  the  supernatant  portion  has  slightly 
greater  germicidal  powers  than  the  precipitated  portion.  A similar 
experiment  in  which  Bacillus  typhosus  was  substituted  for  Bacillus 
- pyocyaneus  shows  that  this  organism  was  killed  in  both  tubes  within 
2 hours. 

GERMICIDAL  INFLUENCE  OF  ZINC  CHLORIDE  ON  SEWAGE. 

For  this  work  an  average  sample  of  sewage  was  selected.  Definite 
quantities  were  placed  in  Erlenmeyer  flasks  and  heavily  inoculated 
with  a water}^ ‘suspension  of  a 21:-hours-old  agar  culture  of  Bacillus 
pyocyaneus.  Various  definite  percentages  of  zinc  chloride  were  then 
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added  and  the  flasks  kept  at  room  temperature.  At  definite  intervals 
inoculations  were  made  into  bouillon  and  Dunhanfls  solution  in  the 
usual  manner  and  placed  in  the  .incubator  at  37^  C. 

In  the  following  results  P means  that  there  was  a growth  of  jiyocya- 
neus;  + means  that  there  was  a bacterial  growth,  but  no  evidence  of 
j)y ocy emeus ; — means  no  growth. 


Time  of  exposure. 

Percentage  ZnClo. 

1 

2 

3 

5 

1 

2 

3 

4 

5 

7 

14 

hour. 

hours 

hours 

hours 

day. 

days. 

days. 

days. 

days. 

days. 

days. 

Control 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

-j- 

0.2 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

1.0 

P 

P 

P 

P 

P 

P 

P 

P 

P 

-L- 

-i- 

2.0 

P 

P 

P 

P 

“h 

— 

— 

+ 

5.0 

P 

P 

— 

— 

— 

— 

+ 

10.0 

_u 

_j_ 

“T 

— 

“f" 

— 

— 

Bacillus  i^yocy emeus  was  used  in  these  experiments  as  a control,  so 
to  speak,  on  account  of  the  ease  with  which  its  growth  can  be  observed. 

As  its  power  of  resisting  the  action  of  germicides  compares  very 
favorably  with  that  of  the  nonspore-bearing  pathogenic  organisms  it 
possesses  value  for  control  purposes  in  the  disinfection  of  feces.  When 
exposed  to  the  action  of  zinc  chloride  prepared  in  sewage — with  its 
host  of  various  micro  organisms — the  viability  of  the  B.  pyocyaneus  is 
diminished  as  compared  with  its  viability  when  exposed  in  the  same 
strengths  of  zinc  chloride  prepared  in  distilled  water.  This  difi'erence 
is  rather  marked  and  may  be  due  to  a combination  of  factors. 

The  sewage  was  slightly  acid  and  of  course  contained  many  other 
organisms  which  in  time  may  have  overrun  the  pyocyaneus,  as  it  had 
disappeared  from  the  control  flask  at  the  end  of  II  days. 

B}'  referring  to  the  preceding  tables  it  will  be  observed  that  B. 
pyocyeineus  was  killed  within  3 hours  in  the  flask  of  sewage  containing 
5 per  cent  of  zinc  chloride,  while  it  was  not  destroyed  after  7 hours’ 
exposure  in  an  aqueous  solution  of  the  same  strength. 

The  organisms  that  were  still  viable  after  1 or  2 days’  exposure  in 
the  flasks  of  sewage  containing  the  larger  percentages  of  zinc  chloride 
appeared  to  be  principally  spore-bearing  organisms. 

It  was  next  desired  to  determine  the  viability  of  some  of  the  patho- 
genic organisms,  such  as  cholera,  typhoid  fever,  etc.,  when  exposed 
to  the  action  of  zinc  chloride  in  sewage. 

As  the  overgrowth  of  ordinarv  sewage  bacteria  makes  this  determi- 
nation in  sewage  well-nigh  impossible,  a sample  of  sewage  similar  to 
that  used  in  the  above  experiments  was  sterilized  with  steam  under 
pressure.  . After  sterilization  it  was  placed  in  flasks  as  in  the  fore- 
going experiment  and  heavily  inoculated  with  2I-hours-old  agar  cul- 
tures of  diflerent  pathogenic  organisms  and  the  various  percentages 
of  zinc  chloride  added. 
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Inoculations  into  bouillon  at  definite  intervals  were  made  and  placed 
in  the  incubator  at  37°  C.  Following  are  the  results  with  the  differ- 
ent organisms  used: 

JResults  v:hen  B.  dysenterise  {Shiga)  was  exposed  in  percentages  of  zinc  chloride  prepared 

in  sterile  sewage. 

[+  means  growth;  — means  no  growth.] 


Percentage  ZnCL 

Time  of  exposure  in  hours. 

1. 

2. 

3. 

5. 

7, 

24. 

1 

+ 

+ 

+ 

+ 

+ 

+ 

2 

+ 

+ 

+ 

~h 

— 

5 

+ 

+ 

+ 

+ 

— 

Results  when  B.  typhosus  was  exposed  in  percentages  of  zinc  chloride  prepared  in  sterile 

sewage. 


Percentage  ZnClo. 

Exposure  in  hours. 

1. 

2. 

o 

0. 

5. 

1 

+ 

1 

“T 

+ 

+ 

2 

fi- 

+ 

— 

— 

— 

5 

+ 

+ 

— 

Results  when  Vibrio  cholerse  was  exposed  in  percentages  of  zinc  chloride  prepared  in  sterile 

sewage. 


Percentage  ZnCL. 

Exposure  in  hours. 

1. 

2. 

3. 

5. 

1..... 

_j_ 

+ 

+ 

+ 

2 

+ 

— 

— 

— 

— 

5 

Results  when  B.  pyocyaneus  ims  exposed  in  percentages  of  zinc  chloride  prepared  in 

sterile  sewage. 


Percentage  ZnCL. 

Exposure  in  hours. 

1. 

2. 

3. 

5. 

72. 

1 

“T 

-1- 

+ 

2 

+ 

+ 

+ 

-i- 

+ 

5 

+ 

+ 

+ 

Controls  were  all  viable  at  the  end  of  3 daj’s. 

Sterilization  of  sewage  of  course  alters  its  natural  composition  to  a 
certain  extent,  but  it  is  the  only  practical  way  in  which  the  viability 
of  the  pathogenic  organisms  used  in  these  experiments  with  zinc 
chloride  in  sewage  can  be  determined  with  any  degree  of  accuracy. 

A comparison  of  the  results  obtained  under  these  conditions  show 
that  they  do  not  differ  materially  from  those  obtained  under  similar 
conditions  when  distilled  water  is  used  instead  of  sterile  sewage. 
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EFFECTS  OF  ZINC  CHLORIDE  UPON  SPORE-BEARING  ORGANISMS. 

Experiments  were  performed  with  7-days-old  agar  cultures  of  B. 
siibfilis  and  B.  ardh'racis.  A hanging-drop  preparation  of  each  cul- 
ture was  examined  before  it  was  used  to  see  that  it  contained  many 
spores. 

Preparations  of  zinc  chloride  varying  from  5 to  100  per  cent  were 
prepared  in  distilled  water  and  20  c.  c.  of  each  strength  placed  in  a 
large  test  tube.  It  may  be  well  to  state  here  that  by  a 100  per  cent 
solution  of  zinc  chloride  is  meant  a solution  made  bv  adding  enough 
distilled  water  to  a given  number  of  grams  of  dry  zinc  chloride  to 
make  the  same  number  of  cubic  centimeters  of  solution.  The  dilu- 
tions Mere  made  accordingly.  For  the  purpose  of  exposing  the 
spores  in  these  solutions  of  zinc  chloride  different  methods  v'ere 
employed.  In  some  experiments  a v'atery  suspension  of  the  organ- 
isms to  be  used  was  made  and  added  to  the  different  solutions  of  zinc 
chloride,  after  which  plants  from  each  tube  into  nutrient  bouillon 
were  made  at  definite  intervals  and  placed  in  the  incubator  at  37"  C. 

The  results  show  that  the  spores  of  B.  subtiUs  were  still  viable 
after  1 days'  exposure  in  a 100  per  cent  solution  of  zinc  chloride,  but 
produced  no  growth  when  transplanted  after  5 days'  exposure  in  the 
same  strength.  The  spores  of  B.  anthracis  were  capable  of  multi- 
plying  when  transplanted  into  bouillon  after  an  exposure  of  7 days  in 
a 25  per  cent  solution  of  zinc  chloride. 

An  objection  to  the  above  mode  of  procedure  is  that  when  the 
inoculated  solutions  of  zinc  chloride  are  to  be  kept  for  a long  period, 
say  a month,  some  of  the  organisms  that  adhere  to  the  sides  of  the 
test  tube  above  the  liquid,  and  consequently  are  not  immersed  in  it; 
are  liable  to  be  carried  over  in  making  the  plants  from  time  to  time 
and  give  erroneous  results  as  to  the  germicidal  value  of  the  substance 
being  determined  or  the  viabilitv  of  the  organism  under  test. 

This  is  more  likely  to  occur  if  the  contents  of  the  tube  are  shaken 
up  before  making  the  inoculations. 

By  using  a sterile  pipette  for  making  the  inoculations  and  carefully 
carrying  it  to  the  bottom  of  the  tube,  as  was  done  in  the  above  exj^eri- 
ments,  this  possible  source  of  error  is  reduced  to  a minimum.  The 
principal  objection  to  the  use  of  the  pipette  for  this  purpose  is  that 
too  much  of  the  zinc-chloride  solution  is  carried  over. 

The  silk-thread  method  v^as  also  used  for  exposing  the  organisms  in 
the  zinc-chloride  solutions  and  proved  more  satisfactory  than  the 
preceding  method.  Sterile  silk  threads  about  1 inch  long  were  soaked 
in  a thick  watery  suspension  of  the  organism  to  be  used  and  about  20 
threads  placed  in  each  strength  of  zinc  chloride.  Inoculations  were 
made  at  definite  intervals  by  carefully  transferring  a thread  to  nutrient 
bouillon  and  placing  in  the  incubator  at  37^  C 
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111  the  more  concentrated  solutions  so  much  of  the  zinc  chloride 
is  carried  over  on  the  thread  that  it  was  found  better  to  use  two 
tubes  of  bouillon  for  each  thread,  one  being  used  to  wash  out  most  of 
the  zinc  chloride,  after  which  the  thread  is  planted  in  another  tube. 
Both  tubes  were  then  incubated  at  37^  C.  The  results  obtained  with 
the  tubes  in  which  the  threads  were  placed  after  washing  were  much 
more  uniform  and  satisfactory  than  those  in  which  the  threads  were 
washed. 

The  following  are  the  tabulated  results  with  7 days  old  spores  of 
B.  anthracis  on  silk  threads  exposed  in  various  percentages  of  zinc 
chloride  prepared  in  distilled  water: 


[-f-  means  growth;  — , no  growth.] 


Percentage 

Time  of  exposure  in  days. 

1 

ZnCl,.  5 

10. 

15.  20.  25. 

40. 

5 + 

10 - 

-f 

. ill 

4-  ' 

25 - 

' 50 - 

i I T 

The  spores  of  B.  suhtlUs  on  silk  threads  exposed  in  a 100  per  cent 
solution  of  zinc  chloride  were  viable  at  the  end  of  the  tenth  day,  after 
which  time  the  silk  threads  were  so  completely  destroyed  by  the  action 
of  the  zinc  chloride  that  further  planting  was  impossible. 

By  substituting  linen  threads,  which  are  not  destroyed  by  a 100  per 
cent  solution  of  zinc  chloride,  for  silk  threads  in  the  above  experiment 
it  was  found  that,  the  spores  of  B.  suhtilis  were  still  viable  after  thirty 
days  exposure. 

SU.VMARY  AND  CONCLUSIONS. 

Chloride  of  zinc  has  had  more  or  less  reputation  as  a deodorant, 
antiseptic,  and  disinfectant  for  manv  years,  but  it  has  gradually  been 
realized,  that  it  was  much  overrated,  particularly  as  an  antiseptic  and 
disinfectant,  and  its  use  for  these  purposes  is  becoming  more  and  more 
limited. 

It  is  used  as  an  ingredient  of  some  proprietary  preparations  found 
on  the  market  and  vaunted  for  their  disinfectant  powers,  but  its  role 
is  principally  that  of  a deodorant.  Even  as  a deodorant  there  are 
certain  objections  or  limitations  to  its  use.  but  for  the  sanitarian  it  is 
the  only  property  of  any  practical  value  that  it  possesses. 

hen  zinc  chloride  is  added  to  sewage  in  dilutions  as  high  as 
1:10,000  a diminution  of  offensive  odors  is  appreciable:  but  this  effect 
is  only  transitory.  As  the  percentage  of  zinc  chloride  is  increased  its 
deodorizing  effect  becomes  more  marked  and  more  permanent.  It  is  a 
fairly  reliable  deodorant  in  proportions  varying  from  1:500  to  1:200. 
but  the  exact  percentage  to  be  used  in  each  case  depends  upon  the 
kind  and  condition  of  material  to  be  acted  upon. 
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The  union  of  zinc  chloride  with  hydrogen  sulphide  is  not  stable 
enough  to  recommend  it  for  the  neutralization  of  this  offensive  com- 
pound. 

The  antiseptic  powers  of  zinc  chloride  are  feeble. 

Prepared  in  nutrient  bouillon  a percentage  of  about  1:40  is  required 
to  inhibit  the  growth  of  molds  for  14  days,  while  under  the  same  con- 
ditions a strength  of  1 : 125  is  required  to  inhibit  for  the  same  length 
of  time  bacterial  development. 

Added  to  ordinarv  sewage,  zinc  chloride  will  inhibit  bacterial  growths 
in  proportions  varying  from  1 : 500  to  1 : 200,  depending  to  a certain 
extent  upon  the  quantity  of  nutrition  present. 

Chloride  of  zinc  can  not  be  relied  upon  for  destroying  micro- 
organic  life,  as  the  coll  communis  is  not  Rilled  in  a 5 per  cent 
solution  in  1 hour's  exposure,  and  it  takes  10  minutes  for  a 25  per 
cent  solution  to  kill  the  same  organism. 

It  requires  30  minutes  for  a 25  per  cent  solution  to  kill  Staphylococcus 
pyogenes  aureus. 

Spores  of  B.  suhtilis  are  not  killed  in  a 100  per  cent  solution  in  30 
days,  and  the  spores  of  B.  anthracis  are  not  killed  in  a 50  per  cent 
solution  in  40  days. 

Zinc  chloride  has  some  properties  as  a deodorant  to  recommend 
it  favorably,  but  its  antiseptic  and  germicidal  powers  are  compara- 
tively feeble,  which,  with  its  cost  and  caustic  properties,  practically 
eliminate  it  from  the  useful  and  reliable  disinfectants. 
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Amazing  Help. 
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